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POLYI SOCYARH bEp3ssNTAI NI NG URETI DI ONE AND HANATE
PS This invention relates generally to PcnUgéh& 8

al | ophanat e- cont ai ni ng pol yi socyanates, and nore specifically, to

pol yi socyanates whi ch contain al | ophanat e groups together with

uretidione groups 5 or uretidione groups with other isocyanate based

functional groups. Baryrise¢eeaia®rsacssThehaiiesSukReTepIONE RKSCEss for the
production of these polyisocyanates —and their use in one or two

conponent coati ng conposi tAHRPEMRTE GROURS| yi socyanat es cont ai ni ng
| socyanurate or bi uret groups are known and di scl osed, for exanple,
in US. Patents 3,487, 080 96, 324,.879; ,an 4,412,073. Wile
t hese pol yi socyanat é?@gﬁgh§e atesoﬁ???ﬁﬁ&?ﬁggﬁroperties whi ch nake

then1ya|uableaﬂiophanqnaﬁadntammlhggpoﬂgubocyanatesoaahdgmoned filnms,
e nocost LY filed3TERNGAl b BE8Y18BGGanateshOhAERCCHARELRS CONLal Nl N0

| socyanur at e ducéd’in order to decrease the
anount of scn\a&mopnanﬁte grwwmﬁs§@g¢th@rown&hnu332®dloae|gabupsproce33|ng

viscosity.g T & one gf'o%%%s' EﬂitheQQhE?”?BBchﬁaEerQQEF' socyanat es

i s nandat e y i ncreasi stringent gover nnment regul ati ons
regar di ng tkmaﬂqQﬁﬁ¥9ﬂﬁ41ﬂ¥9u§ﬁbunﬁhéﬁ invepgign ésgoFﬁéﬁFésmﬁPcﬂ may be

pr esentI I N Cogxrdiiestd £ors the Produdhiibn {aql ‘.th&QQY9B§yQ§ob§*aha€éﬁt ain
Bg:g?;gcgahZ?éé%uﬁiate %8 B% %&%ﬁ%&pF§% C%mpﬁpﬁpgtca?ﬁﬁﬁcoufhgl?nlnherent
viscosities armmidditions. hi gher than desired. Additionally, these 30
| Seeyanu € 00U R AR et BETSSSS
polyfunctlon&b1uret<gnmmmiaumakmswnsahd pésgilbsedsi farf egamplegducti on
in U.S. Patents 3,487,080; 3,996,223; 4,324,879; and
4,412,073. While these polyisocyanates possess many
outstanding properties which make them valuable
15 components in high performance coatings and films,
the viscosity of commercially available
polyisocyanates containing isocyanurate or biuret
groups must be reduced in order to decrease the
amount of solvent which is necessary to obtain a
20 suitable processing viscosity. The reduced
viscosity requirement for the polyisocyanates is
mandated by increasingly stringent government
regulations regarding the limits on the amount of
volatile solvents which may be present in coating
25 systems. While polyisocyanates that contain
primarily isocyanurate groups are typically less
viscous than polyisocyanates which contain primarily
biuret groups, their inherent viscosities are still
higher than desired. Additionally, these
30 isocyanurate group-containing polyisocyanates do not
possess sufficient compatlblllty with hlghly
branched polyesters and other polyfunctlonal
coreactant resins to permit a significant reduction
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-2- W0 96/09333 he | evel of solvent(s) needed to achieve cypsostings Ul
coating formulation viscosity. However, both . biuret and 1socyanurate .
based pol yi socyanates do possess an average isocyanate functionality 5
generally greater than 3.0, nore typig@LIy above 3.5. This results in

a significant degree of crosslinking during the curing of coatings

made from t hese pol yi socyanates. Such crosslinking greatly

enhances: t he nechani cal performance and chem cal 10 resistance of coating
films derived fromthese I nternmedi ates, relative to polyisocyanates of

| over fﬂﬁcéhénﬁébéi &Paéoﬂﬁaﬁt Q anb@&éarthQEﬁgeQE crosslinking.

A et hod has been g U. 01, 663 to reduce the
vi scosity ofufebey aﬁ% E%Bg f°rm5465b°EoNP§FH?ﬁ§Ypol§P§&8§§na@@§hprepared
from 1 Bmféamayieaeydnuﬁat;abarsad( pelgiroaianatekeaoed to as
“HDI ™). By tern1nat|n9 %Qgrreactlon at degree of.

trinerizati ROSRPERF 4587 LoRRvBhate; Rbbchionative of ol are
obt ai ned5 andgeherally qneaterythanpaLpusmoyan&YpscadﬁyaabbN@ nore than one

| soc anurate r e Tk [ 0 ati.ons of
nnnoYsocyanura e o%tééngggﬁgts 16 & Qgﬁé ﬁlgan? aﬁggk% %Epatent coupl ed
with 25 co¢¥@§§bhﬂkh@gl6“Ein9e§bﬁs°§¥lpgl9fs§@§§h99§t@gde|£r0m said to

yield a |0m€h¥éé§€é1§v¥s8&9§ﬂ5{:es. subhf e&baa%ﬁkxnt ¢eRylod of the ' 663

pat ent rovides Telatively,low conversion to esire pr oduct
and results ?ﬂh%ngﬁﬁsFBﬂtWGFhﬁﬁﬁﬁﬁﬁ BFr§9rmEﬁF§aéP§d°h9p1§ﬁért|ng mat eri al .
This nusp beres:LstéﬁaararedoétQﬂyt fe1psodeeti veliherehy thegeeasi ng t he ‘

~production cg nore_t of fsets snal | benefit of the
Bl Pght Vi scolhteriegraLes, opeirhide €6 olyisotianates oflover
functionality that provide a lesser degree of

crosslinking.
A method has been proposed in U.S. Pat. No.

15 4,801,663 to reduce the viscosify of isocyanurate
group containing polyisocyanates prepared from
1,6-hexamethylene diisocyanate (herein also referred
to as "HDI"). By terminating the reaction at a very
low degree of trimerization, higher levels of the

20 monoisocyanurate of HDI are obtained and the
quantity of polyisocyanates containing more than one
isocyanurate ring is reduced. The higher
concentrations of monoisocyanurate obtained by the
method of the 663 patent, coupled with

25 corresponding lower levels of polyisocyanurates, is
said to yield a lower viscosity product.
Unfortunately, the method of the ‘663 patent |
provides félatively low conversion to the desired
product and results in a substantial amount of

30 unreacted HDI starting material. This must be
separated from the product, thereby increasing the
production cost, which more than offsets the small
benefit of the slight viscosity decrease obtained.
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- 3- pi-konal ly, it has now been found by the presgnt

l,nvent ors ?ﬁéﬁﬂ%ﬁg i socyanur ate product prepared in accor UEP8 1Bt h t he
'663 patent does not provide a significant inprovenent in coreactant or
solvent 5 conpatibility. ' Recent .di scl osures in the patent
literature have proposed the all ophanati zati on of isocyanurates

wi t h nonoal cohols as a route to | ow viscosity, econoni ca

pol yi socyanates. By way of illustration, 10 U S. Pat. Nos. 5, 124,427,
5,208, 334, 5,124,427 and 5, 258, 482 di scl ose the formati on of

pol yi socyanate __, , m xtures which possess an NCO content of 10 to 47%

P :
by wei ght and?fddédonaldy ofit 888 PRYNDEENOEEURE. bY TtheTHEREENtNCO contents
are about 20%iMvidhtorecC ehiatti &¢helIsceiyantedateSpPotiact3pPeparedaThase

references do not tea e yse,of polyal.cohols.as I anpts,
apparently siﬁﬁfqﬁ%éﬁgeng§§|%§ﬁolgganﬁﬁgeﬁﬁtd8$s not Bﬁgggﬁédato yield an
al | ophanat e n=digriifdcant implrpivenep&ndnaterpatyasbeypanavdventh a | ower 20

viscosityghaqso a%ﬂ%ﬂqh &ed pol yi socyanur at e pol yi socyanate at the
sanme | evel™ of TConversion. : As with pure isocianurate gr oup
cont ai ni ng pol Reswenfaddised osunesainophgnpatentdilitengature| socyanurat e

based pol yi sogyana S : gg¢i ctionality
general ly greaper1ﬂ%%qﬁi§% %g%,%%%ggﬁfgiFég?Fgeﬁ ot §QS¥§Q§%?%EE§||OMB for

yg X aboye 3.5
a degree of crtiddl memoadcplods 3SqgAi FPEERt £ low ¥igReditYrhe nechanica

per for mance angdHilicedl polyisesyahanes.of Bgonaingrf ihnesteatyed, from them
30 While this is a significan ti,mal one for

aIiphatié‘boI§L§bc§’ t@?F'TﬁeEZ%?zggggéﬂ%b§t3?2?L32826r6%@28§§ tend to

have a | ower 5,258,3@Cy @iaicdokentheofiakinayiont ofhpoigiBoteanttef
mixtures which possess an NCO content of 10 to 47%
by weight and viscosities of less than 10,000 cp.
Typical NCO contents are about 20% with viscosities

15 of about 520 to 1300 cp. These references do not
teach the use of polyalcohols as reactants,
apparently since these polyalcohols would not be
expected to yield an allophanate modified
polyisocyanurate polyisocyanate with a lower

20 viscosity than an unmodified polyisocyanurate
polyisocyanate at the same level of conversion.

As with pure isocyanurate group containing
polyisocyanates, the allophanate modified
isocyanurate based polyisocyanates also possess an

25 average isocyanate functionality generally greater
than 3.0, most typically above 3.5, which allows for
a degree of crosslinking which significantly

- augments the mechanical performance and chemical
resistance of coating films derived from them.

30 VWhile this is a significant advance, it is not an
optimal one for aliphatic polyisocyanates. The
products of these processes tend to have a lower
isocyanate functionality, at the same level of
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- 4- WO 964893338r si on, than conventional isocyanurate ranydesafégNat es.
Hi gher functionalities can be ~realized at higher conversions, but the
viscosity of the product is increased. In addition, the lowest 5
reported viscosity was 520 cp (U S Pat_gzNo. 5,124,427). Such
viscosities are still too high to achieve a dramatic reduction in a
coating formul ation's volatile organic conpound content. In fact,
no quantitative nmention is nade about the 10 potential or actual
reductions in volatile organic compound | evel s achi evabl e by enpl oyi ng
t hese aldaprarsicn nogthdn esbnvaretyiond bt fsocydnupatecessary to

reach viscosities, well bel ow 1000 .c :fnd‘gnre 1iti $referab|y bel ow 400
cp, to achi eRPRIFHIYFHLSS Jrﬂb%fct FHHEE PR EHLRTF nGRR oPRul ati on' s

vol atile reximed aboripoghetr cooneersions oot tiee eviscbeiterof stil
If a viscosit s C s e bl e 0 cp, could
be achi eved \%ﬁjglxoé’&t}@%% %PI arll%é%dn' avIer} aagcgé-lfésg%@én%ttlg #"g‘)r%,%élgonal ity 20
general | \b gr ezRROT ted v BS@RsS H &/3s 529 atp y(Gr2aRat. No. than-4.0.

The preparat i And, HEL, ofsnngai WEQEYANE &S bd hstill ¥bsoRPGh! €3 bel ow 500

cp containing uretidione and , | socyanuyate groups en previously
di scl osed i n 33hieys asinaniplGaredygtien 187 GOREIRE. OS 1. 954, 093,

US- PS 4, 614, HSrmithich’ PatoldOble ortfeh féd lcompound, &3¥te8e. 41R29, 724 and
4,994,541. S cal 4 614, 785 and

i fical | o Je. 1.S. Pat.. NOs.
4, 994, 541 Facts 19 tfé’ﬁ’h‘é“b‘?%’g‘{rﬁzf‘i)‘(%h@’o‘?ﬁ (l:ilc‘f‘%‘%l ?B‘Wéfi theg
B Y e e B e o ot Tty dor vead
us . | ’ IV
oY oducts© *'cdRANR MBS do fevante A B6PPhG ' EResl :

allophanate modified isocyanurates. It is necessary

to reach viscosities well below 1000 cp, and more
preferably below 400 cp, to achieve significant

15 reductions in a coating formulation’s volatile
organic compound'content. It would be even better
still if a viscosity below 1000 cp, and more
preferably below 400 cp, could be achieved while
maintaining an average isocyanate functionality

20 generally greater than 3.0, more preferably greater
than 4.0.

The preparation and use of polyisocyanates with
viscosities below 500 cp containing uretidione and
isocyanurate groups has been previously disclosed in

25 DE-OS 1,67_0,66'7, DE-OS 1,670,720, DE-OS 1.954,093,
US-PS 4,614,785 and U.S. Pat. Nos. 4,994,541,
.4,614,785,'4,929,724 and 4,994,541. Specifically,

~ for example, U.S. Pat. Nos. 4,614,785 and 4,994,541
describe the production of (cyclo)aliphatic

30 polyisocyanates containing isoéyanuraté groups and
uretidione groups by the use of phosphine catalysts.
The viscosities of the HDI derived products
described were all below 200 cp. Still,
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-5- ' venents m ght be nade. For exanple, the cyc
for the abg\ped‘s?};g%’gt ions are longer than is desirabl e, éﬁwﬁgﬁfmss

productlon costs relatively high conpared to isocyanurate-based

pol yi socyanates. 5 Unfortunately as well, the average isocyanate
functionality of the resulting polyi soepanat es contai ning uretidione
and i socyanurate groups are generally 2.5 or less. This |ower
functionality results in less well crosslinked filnms for any given 10
pol yol resin conpared to using a higher functionality polyisocyanate.
I nferior nmechani cal properties as well as poorer chem cal _and

envi ronnent al ¥eereventnts asight e madepl ofiory eXa@pde, thepey@d®i nantly

di functi onal %ﬁé@lﬁpmt@dwé&e&tmglwm@m@wmm is I'n other

work, a high te grature ncat al yzed gcess f roducgi ng
substantially ‘Eﬁ? Li%‘pﬂ% qgélqt&%é%%tﬁegqlﬁ%ﬁvglyPgﬁghl\b.
4,ﬁ10,820- ThFcoﬁﬁﬁté&ﬂi?ﬂlsbcy%?uratdﬁhﬂsdaﬂyﬂnyléa&yandt@bs triols, or
ot her suc s _gan te to_ve tures

(>150[err ] vﬁ?#] %tunat el( &ea%lll pﬁ&ﬁ é“’&’%@&%ﬁg& %t he absence of a
catal yst to fofumsthstalitnldfy the e’asldlmllwquod;ylsocyanmase t he

pol yi socyanat e &Eﬁgﬁ%& q%(ﬂ r{g)ran 3 %.%o n%qjg]g}_l s ISO\g yi scosities
(general l'y | es% an r% f% erage | socyanat e
functional ity gersexalleld T ot |1rﬁ§§oW| fnhhsnflcgﬂe@‘r func"—lﬁ’mééﬁ'-ﬁf i es. The
described produghgrfasell MLVl croselltidd iantowol Bayeqlvehi ci ent

functlonal|ty to 30 give high qual |ty Coatings. however tRose exanpl es
had very ¥ gh ROLrekifesn (RATA] Foyiedng: atl’i‘éﬁher 3,000 cp) and

relatively | OV‘fﬁﬁ@@N&{@I:&fCﬁ'ﬁl@*ﬂs%cyanaﬂéleann&"érﬁ.o're%%chﬁéﬂcéﬁ%

Unfortunately as wel
propertles as well as poorer chemical and

environmental resistance result from employing these
predominantly difunctional uretidione-containing
15 polyisocyanates.

In other work, a high temperature, uncatalyzed
process for producing substantially pure
‘allophanates is described in U.S. Pat. No.

_ 4,810,820. The ’820 patent discloses that monols,
20 diols, triols, or other such polyols can be heated
to very high temperatures (>150°C) with a
(cyclo)aliphatic diisocyanate in the absence of a
catalyst to form substantially pure allophanates.
" While the polyisocyanate products based on mono-
25 alcohols had low visccsities (generally less than
200 cp), their relatively low average isocyanate
functionality would yield coatings with inferior
-properties. The described products based on diols
and triols would have :ufficient functionality to
30 give high quality coatings, however those examples
had very high viscosities (generally greater than
3,000 cp) and relatively low isocyanate contents
(generally less than 18%). Unfortunately as well,
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- 6- wo deesszeacti on conditions are very severe and Péli'l{lggsﬁlﬁ% to

control. A process that could be operated at a | ower tenperature

(<130[err]C) would be far nore easily and safely controlled with |ess
"5 expensive equipnent than is enployed in the process of the '820

pat ent . I't would therefore BThighly desirable if a

pol yi socyanate conposition could be easily and safely produced by a | ow
- tenperature process at a 10 | ow cost to provide a product having a high

aver age | socyanate functionality, as well as the desirable | ow

viscosity propel U&s.of ok o RO S OYENALES sever&ORhgi N nd al lophanat e
or _Uretldl one groups. e presen I nverrtl on provi aes such a process
and 15 conpdbffiomlt to controln ohepropess,that peuidnbei nvention

relates to  gnefatddUid. a BGEL ! @ @ﬁf&“gé‘iﬁ‘bae) would be .
nmonour et i di one-cont al ni ng, pol yi socyanate conpos]tion’ characterized by:
20 i) BAF iBeKS fRIELY AR TAERIY ycontreligdnwith less 2 g and 6.5,

i) an NGD coskgens Die 16301 Ondif6 tyaneighémployed in théi pracekscosity of
| ess than 1000_c apéE £ Iv) the presence of nonouretidione and 25
nbnoallophand?% Dup ? PEERFar ratio of sai d nonouretidi one

groups to said It wouldrotrivstéfiguhaniaé ehhigbhlipsdesibableechfahout
20: 1 and abo X ' I . r ej a reaction
ofyféoéfﬁéhfg 65%5g54fion cou%d bd gggflﬁdﬁﬁg

product of 3 I'di One” or rsocyanate groups™a
pol yal cohol osafelw|poddudted by x@uley bemperature progesscateaof said

pol yal cofpl apgl; sabde to providé’oé Yﬁ%&&@&’c mﬁﬁﬁéeacﬂfgﬁi ijagae‘ét L ‘
isocyanate functionality, as well as the desirable .
low viscosity properties of known polyisocyanates
-containing allophanate or uretidione groups. The
present invention provides such a process and

15 composition. '

' In one aspect, the present invention relates to
"a liquid, monoallophanate-containing,

- monouretidione-containing polyisocyanate composition
characterized by: .

20 i) an isocyanate functionality of between
2.8 and 6.5, | |
ii) an NCO content of 10% to 47% by weight,
iii) a viscosity of less than 1000 cp, and
iv) the presence of monouretidione and '

25 monoallophanate groups in a molar ratio of
said monouretidione groups to said
monoallophanate groups of between about
20:1 and about 1:5, said allophanate
groups being_é reaction product of"

30 uretidione or isocyanate groups and a
polyalcohol or a polyalcohol mixture, each
molecule of said polyalcohol and said
polyalcohol mixture containing between 2
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-7- nd 20 carbon atoms and having a nol ecul ar

wei ght of t%??/\%oeg%s%Z and about 2500, sai d nonoal | ophané’F’e”UéB?ﬂ‘&F% ng,
nonour et i di one- cont ai ni ng. pol yi socyanate conposition further 5
characterized as containing: (a) no greater than 0. 5% of urethane
groups (as NH CO-0) based upon-the =i ght of the pol yi socyanate
conposition, (b) a total anmount of incorporated polyal cohol of between
about 2% and about 22% (preferably between 4% and 10 16% based on the
wei ght of the polyisocyanate conposition and (c) an anount of

nonoal | ophanat e g s of getmeen ouf 10@6and about 70% based
upon the wei ght of &R g@I GREBRY PR c?fl‘ﬂ) Yih.@ molegRIAT aply, the
polyisocyanate conpweightnof sbétweeerd 562 aﬂdCHMﬁuﬁ(zsndvent and free of

per oxi de. t S contain a
smal | anount o%gﬁlrie %ﬁ%liﬁg é%?gt%éﬁgéa‘ﬁlﬁ%‘f ngoq{m%‘%fb%lnqrbep%anate gr oups
to urethane grogptashmngdpbkylsocygmikgeﬂomﬁaﬂitﬂnnufurtheﬁx) I n
anot her aspect V, é{h f s for
preparing tBhe cBEPScEéF..S.E&g & Eﬁﬁt Jfrig SO@@&?&??%%W%&SI%@?\ conpri sing
t he st epsOeP¥ of urethang)gz;qggﬁ ytag AH LU Rehagady wpgbrthieon of the

25 lSOCyanat@eﬂéﬁﬁp§f°£hé“p6¢ﬁﬁ§%é&éﬁ&ﬁ@fﬁBhﬁﬁﬁiﬁioﬂ” b) aOrganic
pol yi socyanat e nlxture having,al i phatic or Ioallphatlcally bound

i socyanate grohpsat { 3OPERE, OF 1n%P¥PQR4§ﬁQHRP%Xﬁﬁ%9 GffeEean on,
B) contacting saodtpm%yah@o&n@éutozzsamk&brmwadmn rm%xtatfce with said

ur et OngaConL B[ Bosea R IRESHASHY, 4P A YIS efapen avout 0.01
isocyanate gr oopspositihenyrand dionen amouM® MY ARdRHllophanate )
PCT/U895/1128800mpounds of between about 10% and about 70% based
upon the weight of the polyisocyanate composition.
Preferably, the polyisocyanate composition is free

15 of organic solvent and free of peroxide. While it
is not desirable, the composition may contain a
small amount of urethane, however the ratio of
monocallophanate groups to urethane groups should be
greater than about 5:1. .

20 In another aspect, the present invention
relates to a process for preparing the above-
described polyisocyanate composition comprising the
steps of:

A) catalytically dimerizing a portion of the

25 isocyanate groups of an organic polyisocyanate, or
organic polyisocyanate mixture, having aliphatic or
cycloaliphatically bound isocyanate groups, to form

- a uretidione-containing composition,
B) contacting said polyalcohol, or said

30 polyalcohol mixture, with said uretidione~containing
composition, in an amount of between about 0.01 and
about 0.5 moles of alcohol groups, per mole of
organic isocyanate groups in the uretidione-



- 8- cont ai ni ng conposition, upon initiation of, or during, step

A) recitodoadiensa and causi ng said pol yal cohol or sai dpp@hiéad£@

m xture to react wi th said uretidione-containing conmposition, t ereby

5 form ng sai d nonoal | ophanat e- cont ai ni ng, nonour et i di one- cont ai ni ng
pol yi socyanat e conmposition, and _g5_ C termnating the

di neri zati on and al | ophanate-formng reactions, by adding a catal yst
10 poison to the nonoal | ophanat e- cont ai ni ng, nonour et i di one-cont ai ni ng
pol yi socyanat e conposi tion, upon formng a desired anmount of said
nonoal | ophanate and sai d monouretidione in said pol yi socyanate

conposi tion. cbhtaining ompldslit idmot MiporASREHiatiih LS | nvention
relates to cqati,n conp03| on ri.sing an active,

hydr ogen- conB4&H oﬁénFegﬁgegﬁéhﬁﬁﬁnaan CaRSINY (Raid
nnnoallophan@b&yeQ&b@bm o, said polyellicehcl afisctantd aiditehdiw! yi socyanate
20 conp05|t et a other as ect the resent .invention

relates to a h%ghéalérWﬁﬁ&ﬁQhﬁ %ﬁﬁp Xontacting

t he subsBratéowmﬂhgasaadtmn@oal1ophanaraﬁnantamnnmgm|ng the
above-descri || retidione-
31] Shotiret TR %%ﬁkggi%ﬁogo Q;‘ogly{lsfr% At

cont ai ni ng pol'yi'socyanate co bl ocked form as

an |socyanat@°®®m§G¢é@milﬁnd one or two conponent coating comnposition.
These and ot her agger§ﬁMdaE1Q@pQﬁ% HRRSHat3®n W) reading the follow ng
detail ed descrlptlon of . I nventi on. VWO 96/ 09333
PCT/ US95/ 112881 ophanate—formlng reactions, by adding a catalyst

10 poison to the monoallophanate-containing, ‘ :

monouretidione~containing polyisocyanate
composition, upon forming a desired amount of said
monoallophanate and said monouretidione in said
polyisocyanate composition.

15 In still another aspect, the present invention
relates to coating compositions comprising an active
hydrogen-containing component and the above
described monoallophanate-containing,
monouretidione-containing polyisocyanate

20 composition.

In yet another aspect, the present invention
relates to a method of coating a substrate which
comprises contacting the substrate with a coating
composition containing the above-described

25 monoallophanate-containing, monouretidione-
containing polyisocyanate composition, optionally in
blocked form, as an isocyanate component in a one or

. two component coating composition.

These and other aspects will become apparent

30 upon reading the following detailed description of
the invention.



7 9- It has now been surprisingly found that, in accordance

with the pw%:;g:,nvent I on, pol yi socyanates are provi degcrrn)%%fmyf an
aver age | socyanat e functlonallty equal to or greater tha

conventional polyisocyanates, while maintaining a reduced viscosity,

I mproved sol vent and i socyanate rea% ive resin conpatibility, and a

m ni mum | evel of Vi scosity increasimnmg carbanmate groups while stil
possessi ng the desirable properties of known 10 polyisocyanates. It is

al so surprising that the pol yi socyanat es produced by the process of the
present invention can be manufactured at reasonable costs and in a high

yi el ds. lt.1 I ontradiction
to the established %Ftﬁa%)aééw ée%;e gu%f%irgi%gves mayﬁ’be "ach I?eved in
accor dance w t Acthedance pxéﬁeﬁhe|pmaﬁﬂntwinﬁﬁnk¥nnw bed herelnafter by the

ncorpor At i on b 99ELYhfiaPOLYALE AL 51 4B thar ndVd RV e Of duri ng,

an i socyanat e rocess I n order to produce
pol yi socyanat elSOCYaBE‘ﬁGafWW@lQW%HW RIBh Q90 SRR gtrlb'ﬂbs

Prior di sckosupgg eﬁtibﬁ YSSo 1@6&#&H&€esrlwhllelﬁﬁxhﬁﬁﬁﬂfhghdnwlzatlon
processes can be ? a oy 14 zg 929,.724;

7 994 541: 25 Tesuged 65§°°§hEY5 E%%F% SRt AR st
directed to thgehetabayfabﬂnp@mmpatzbiﬂ&tpﬂ and a puigpianed ilevedf aff eti di one

I t wh |1 t
be vos YA aPAFOEE Lt iparede bl S rothd Sufrag Ren gl | Ao S
The ' 785 pat enpotseskingt the udesidfakle fprgperties ichdnown es to deactivate

the phos%b“%@égg}%ééggﬁates. the £00h Plo LOGrIE {BInd AHAD gpfaction. The

addi tion
PCT/ US95/ 11288polyisocyanates produced by the pngcess of the

present invention can be manufactured at reasonable
costs and in a high yields.
It is particularly surprising, and in
15 contradiction to the established art, that these
objectives may be achieved, in accordance with the
present invention as described hereinafter, by the
incorporation of specific polyalcohols upon
initiation of, or during, an isocyanate dimerization
20 process in order to produce a polyisocyanate
containing uretidione and allophanate groups.
Prior disclosures of the use of alcohols in
isocyanate dimerization processes can be found in
U.S. Patents: 4,614,785; 4,929,724; 4,994,541;
25 5,237,058; and 5,258,508. These references are
directed to the trialkylphosphine catalyzed
. preparation of uretidione polyisocyanates wherein
. alcohols are used in relatively small amounts as co-
catalysts and/or as additives to improve product
30 color.
The /785 patent teaches the use of sulfonyl
isocyanates to deactivate the phosphine catalyst at
the end of the dimerization reaction. The addition



of stoichionmetric quantities of "acceptors", such as al cohols, to the
recover ed WO B8@33%t arti ng i socyanate is suggested as a perivsss/i10ss
scavenge any sul fonyl isocyanate that nay be carried overhead 5 with

t he recovered nononer. Thereby, this material may be recycled to the
~di merization process w thout the naed to use larger quantities of
catalyst to conpensate for any catal yst that would ot herw se be
deactivated by that sulfonyl isocyanate. 10 The ' 724 patent cl ains
the addition of active hydr ogen cont ai ni ng conmpounds, i ncl udi ng

al cohol s, when phosphorous-nitrogen contai ni ng conpounds are used-
to catal yze aofisbojehibtwetiriergquanhtibies ofellatteptoiben saet ak | evel s of

b dr ooen & om{alondl ko Sbnl NEoBLILELATELEBEL BRLEL K305 2011 VE

hydr ogen contalnlng cbnp are d ove reaction rates,
to i nprove thbS@@Y@%@t9|%§ suggesteﬁeaeaaam9§hodotoosqaueagedanue and to

i nprove témfehfi Péoé{ﬂSnétQa{:hQ{:OﬁlH‘}t beSbHH:ﬁ%hyovE?ﬁe @58 20  and

' 508 patents sugges | cohol s, and speci f1 cal e ur et hane
(carbarmat®) |YH gEh?oFﬁﬁﬂvered B?nPﬁérreaEPPBﬁbBi Fhésamé§ﬁ6P&h th the

i socyanate, may B&efeéyclédl t8rtheoaimeyekativhl brf:éé@.b' #ithout |
benef|C|aIIy 0 |ncr$a€a éeac lon rates e color of the
I

h
final product Qﬁeﬂe? nE argﬁﬁoﬁﬂﬁBﬁbg%eﬁanlSggélgﬁg &9ed for the
di meri zati on compersateofior any catalyht thdt wet2dt otherwise peocess for

produci ng iﬁgg%§$%g$%ﬁ%ygﬁﬁ%%ggﬁgggégg;?éghggngggy|socyanate 30 wherein

about 0.1 to C roups in the starting
charge ot0dii socydfhee’ 32¢ patentoalaimedthe addibaom gfoaptile treat ment

with an ﬁ&&?@&énpééﬂﬁaiﬂin?rcgﬂﬁbﬁﬁds?”iBE%??E@gE???QQbEE, Yo
-11- when phosphorous-nitrogen containing compounds are
used to catalyze an isocyanate dimerization
reaction. When used at levels of 0.1 to 1%, by
15 weight on the starting isocyanate, these active
hydrogen containing compounds are disclosed to
improve reaction rates, to improve the selectivity
of the catalyst to form uretidione and to improve
the color of the final product. Similarly, the 7058
20 and 508 patents suggest that alcohols, and
specifically the urethane (carbamate) linkage formed
by the reaction of the alcohol with the isocyanate,
used at similar, low levels, will function
beneficially to increase reaction rates and improve
25 the color of the final product when trivalent
phosphorous catalysts are used for the dimerization
reaction. |
The ’541 patent claims a process for producing
a low color uretidione cbntaining polyisocyanate
30 wherein about 0.1 to 10% by weight of the isocyanate
groups in the starting charge of diisocyanate are
converted to urethane groups by treatment with an
alcohol prior to, or during, an organic phosphine



catal yzed dinerization reaction. After term nating t he reaction by the
addi tion ofwg ogaézaas yst deactivating agent and renoval of the excess
starting diisocyanate, the color of the product is 5 reduceCHYSWBEAEnent
wi th a peroxide. The product is reported to have a urethane group
content (as NH CO-0) of about 1 to 5% Although it is not stated,

it is inplied that the presence of theliethane | i nkages sonehow
enhances the color reducing 10 activity of the peroxide. No nention is
made regardi ng the production of allophanates under the stated
reaction conditions of the '541 patent. In addition, no suggestion is
nmade t herein about the addi ti on of gg% al cohol s, elther before, or

during, 15 tK&t@l¥eed; §imex 1gptiPnpKaRr byi ASESENEEERIPBEING any
purpose, nuch t!h%s&'eta@tel%lﬁl wethenaadhe\ﬂoﬁoat a catf@lpsess, |ow viscosity

pol yi socyanat e h te conv ops with functionalities
typically d%ﬁ%%%ﬁéi aﬁg§ g? §mPH8$ t gﬁﬁ §¥FBFPsi ng and 20
unexpect ed asmmartﬂhgﬂainpbeyanhtEQVEhEionlbhabf the prbapbandge groups are
i ndeed prqduc e o] ucegd. Ln talyzed
dimor 2ot on - GredEl Y FrB3eRoRCYEkE, ACBerRiifRy ~ Mt bpduffeoen

i nvent ors havemaoepdrtedy téoetiavlkat ufekBanet geoupechahezat (@ RBaction is
att enpt ed d”“d@ﬂ-ot)h%f abou‘&' hoQEeELZal b 9fy ﬁgﬁt ienlst{)StaéEQ

0k,
preferentially with uretidionet hanate, ‘ r at her
t han reactlnghﬁtﬂ$|Mmﬂé}&ﬁa$baﬁoth§r§¥8565ﬁ§n@f the wrethanés desired by

the |nventor51ﬂ%ﬁg@§s 2bheBBw Bah8REes thef 88iori Fe&fi@inget hani zation
reaction s grried out before _oligagnerization, the ur et hane

gr oups f&#hedaﬁqu%%ﬁ:q§oﬁ9§rPeFSXéﬁﬁophgﬂaF%nﬁiﬁﬁpés madejn the fina
product. Thi s regmaridieiguées piraBuetion ¥€ Qﬁwﬁﬁaﬁates under the .

PCT/USQS/llZSStated reaction conditions of the 341 patent. In
‘addition, no suggestion is made therein about the
addition of polyalcohols, either before, or during,

15 the dimerization of aliphatic polyisocyanates for
any purpose, much less to achieve, in a low cost
process, low viscosity polyisocyanates in high
ultimate conversions with functionalities typically
greater than 3.0. It is therefore a surprising and

20 unexpected aspect of the present invention that
allophanate groups are indeed produced when
polyalcochols are introduced into a catalyzed
dimerization of aliphatic polyisocyanates. Further,
the present inventors have now discovered that if

25 the urethanization reaction is attempted during the
oligomerization reaction, the alcohol preferentially
reacts with uretidione to form allophanate, rather
"than reacting with isocyanate to form urethane
groups as desired by the inventors in the /541

30 patent. In fact, if the urethanization reaction is
carried out before oligomerization, the urethane
groups formed will not convert to allophanate groups
in the final product. This has the undesirable



ef fect of |ncrea5|ng the viscosity of the final product while

decr easi ﬁﬁo P/ %E'Verage | socyanat e functionality. © PCT/US99/{1288 even
nore surprising and unexpected that, 5 during the reaction carried out

I n accordance with the process of the present invention, no
significant carbamate group fornmidon was detected at any tine

during the catalyzed dinerization of the aliphatic pol yi socyanat es,

i rrespective of whether the 10 polyal cohol is added upon initiation of, or
duri ng, the reaction. In addition, the overall maxinum achi evabl e
| ow viscosity product yield, before the uretidione content reaches a
maxi mum s effecsigﬁithcaahbﬁngrehbewlgbasltypeﬁtmmélﬂﬂﬁéﬁﬁf15 t eachi ngs

o ine. Pr1 O cdbhuce YRS BUECabGy, eq ARGl kY copyanate

formation isP Si GRrticant ; i ng known
processes refanchgonQIPMNSphlne catal yzed di meri zation of aliphatic

pol yi socyanates. 2@ jo even'ﬁo&%ré rh%lﬁét ht%&égb%é#% cted

nature of the present invention pean plicatidn 0, 566, 037
 _prOV|desstmodBKAREI§§eo¢eaCtl°§lFéﬁﬁéﬁét@U#dehagﬁqnﬁiwmmuﬂdﬂe producti on

using I %ﬁQUb!-bcéEQOB@ tﬁedp%eéehlet a.m@h%lm%s W%@Hﬁn&ﬁm The
vi scosity of th duct was 260 versus 2300 cp

for the prodGéF HEB efgﬁﬁpph%orma tipn: WRS SFGFCtFﬁ @6h@¥§%tlmﬁhe wor ki ng
exanpl es of durlnghehpreaeauyzemedumemlaa&ﬁbﬁeﬁthMQIﬂmﬂpnatlc

denDnstrate oyi.n [02esS 3 resent invention,
such a dranafti g§&FSS§PPS§QF 1r9esp%§%&¥gt |¥%§ﬂ&% %P@g | ndeed, the
current 10 ppmyaﬂbpholpnsvaddedaupohyﬁantﬁamdbn ofypesi duaring,t h

excel | ent PhYRLC2EaBEIBAL' ' 30 GAERRIAR!Cthe RVePh11 maxiRug?! 09333

achievable low viscosity product yield, before the
uretidione content reaches a maximum, is
significantly greater than expected from the

15 teachings of the prior art. Furthermore, the
overall rate of polyisocyanate formation is
significantly faster than that achieved using known
processes relating to phosphine catalyzed
dimerization of aliphatic polyisocyanates.

20 In further illustration of the unexpected
nature of the present invention, European Patent
Application 0,566,037 provides two examples of
allophanate modified isocyanurate production using
isobutyl alcohol and 1,3 butanediol as reactants.

25 The viscosity of the isobutyl alcohol adduct was 260
cp, versus 2300 cp for the product made from the
butane diol. In contrast, the working examples of
_the present invention provided@ hereinbelow
demonstrate that, when employing ‘the process of the

30 present invention, such a dramatic disparity in N

viscosity'is eliminated. Indeed, the current

invention provides a polyisodyanate composition with
excellent physical properties comparable to prior



art uretidione group- and isocyanurate group- cont ai ni ng

pol yi socyaRigRmesyut al so providing equi val ent or hi ghe% %@%‘?ﬁfm

I, socyanat e unctionality (e.g., functionalities prefera ?y greater
than 3.0, nore preferably greater than 4.0) at a | ower cost than the
prior art processes, and typically1 aving a higher maxi num | ow

Vi scosity conver si on. I n~accordance with the present

i nvention, the 10 term "nonouretidione” nmeans a pol yi socyanate
cont ai ning one uretidione group and formed fromtwo pol yi socyanat e
nol ecul es, and the term "pol yuretidione" neans a pol yi socyanate

"nnnoallophand?% nmeans a pol ocyanate .
pol yi socyanat ecomtaining polyisecyanadies, but gssupromiding term

"polyal|0pha”aé§£16§igﬁk€br high YA RN i dyilE from nore than two

contai ni ng Wﬁeéi‘ﬁ‘oﬁ’@%ﬂ;&?@i 4 p0e %g% tﬁ;"ﬁ%’%tm

pol y- | socyanat e np] ecul es and_one 7al cohol’, group. The 20 term
"(cycl o) al i phafrearignabify {edtyarfdincirnpltties a3dycyanate groups
that are bgundggisest | ¥nd® 3.0, aiord igetdraring/dreattdl aanplaato)c group.

T N N I W
dii socyanat es typicabbyleaving aideibler starimumy It eriisdogsifyr preparing the
pol yi socyanat eg;, rding to the present invention are organic

di i socyanat es é%ﬁ?ggﬁﬂéﬁﬁ by the formul a ‘ .

R(NCO 2 30 wherei nIR aepoedamts withrigwipregantp istmeritien bythe renmovi ng

the isocypgat etgfl??:’pﬁ%%é%@{h%r@mrﬁ:eans a 3%6'0 S g@avi ng

(cycl o)al i phatica | socyanat e ) a nol ecul ar wei ght of
112 to V[)ggnbggggng one uretidiodne group and formed fromptWoysos/ 11288
- 14- polyisocyanate molecules, and the term

"polyuretidione” means a polyisocyanate containing
more than one uretidione group. The term '

15 “monoallophanate” means a poly-isocyanate formed
from two polyisocyanate molecules and one alcohol
group, and the term "polyallophanate" means a
polyisocyanate formed from more than two poly-
isocyanate molecules and one alcohol group. The

20 term "(cyclo)aliphatically bound isocyanate groups"
means isocyanate groups that are bound directly to
an aliphatic and/or cycloaliphatic group. The term
"oonversion" means that portion of the reaction
‘mixture that is not starting polyisocyanate.

25 Examples of suitable diisocyanates that can be
used as starting materials for preparing the
polyisocyanates according to the present invention

. are organic diisocyanates represented by the formula
R{NCO),

30 wherein R represents an organic group obtained by
removing the isocyanate groups from an organic
diisocyanate having (cyclo)aliphatically bound
isocyanate groups and a molecular weight of 112 to



1000, pre r%? 140 to 400. Preferred di i socyanates for the process
according't I nvention are those represented by tPerfsysinitss
wherein R represents a divalent aliphatic 5 hydrocarbon group having from -,
4 to 18 carbon atomns, a dival ent cycloaliphatic hydrocarbon group
havi ng - fromb5 to 15 carbon atons~3@~ a dival ent araliphatic

hydr ocarbon group having from7 to 15 carbon atons. Exanpl es of the
organi c diisocyanates which are 10 particularly suitable for this process
i nclude 1, 4- tetramet hyl ene diisocyanate, 1, 6-hexa-nethyl ene

dii socyanate, 2,2,4-trinmethyl-1, 6-hexa-nethylene di i socyanat e,

1, 12- dodecanet 090 prpreffésaklynbd @, to 400cycbpbesppaedl, 3- and

-1, 4-di i socy | SOLY. t ' net hyl cl opent ane, 1-
| socyanat o- 3q?€%§?%#§?%ﬁéﬁh ?P égg-ﬁ%g?%%g %ggrgl ggoﬁéﬁﬁne (i sophorone
di i socyanat e Hivepgign are hﬁ%e(mepseﬁgane@cyzlbhexﬁbrmanhane 1,3- and

1, 4-bi s(i socym@é@mtﬂayfé ﬂ‘&’@xé‘n&.inénéélal atic,
|socyanaI§ cIo %%E nef hane, a,a -tetranethyl 1, 3-

and/ or - k@y oncgq g&@g from 4 to 18 carbon atoms,

1- |socyanato é.d&ﬁé&éné(é&cléﬁ&&pﬁ&%ib hydro8®ib¥h §¥sLiphR¥§IRg and 2, 4-
and/ or 2, 6-hexa Xt ures_of d||socyanates

| uene_di i socyana
may 25 al so b ?}gd% tr 18 e"f‘? i FEPS anSk e ?“éai/le%th%’iéllphath‘ﬁt hyl ene
di i socyanat e, hydoptarkore girowndyavnine, foom 7 to 15 carbon atm(tjl|s|'soé anat e
P;Ségpgifgrﬁlﬂ@:@réﬁe}g{%ﬁe r&%ﬁ’caﬁ)‘iﬁoﬁal&%ﬁﬁ n%?'?%aeggconstltﬁent of
a 30 nidA ur edrtitulaclyeuitable for thlixpa-lq»d:essoinelluﬁabh.¢4— _ )
bol yi sobyanat o ATy L odlt’h*@%?’%se €7 L SR RRLRLLRY TopgE foshs
pCT/U595/11233Llsocyanate, 12,4-trimethyl-1, 6-hexa-methylene
diisocyanate, 1,12-dodecamethylene diisocyanate,
cyclohexane-1,3- and -1,4-diisocyanate,
15 l-isocyanato-2-isocyanato-methyl cyclopentane, 1-
isocyanato-3-isocyanatomethy1-3,5,5-trimethyl
cyclohexane (isophorone diisocyanate or IPDI),
bis-(4-isocyantocyclohexyl)methane, 1,3- and _
1,4-bis(isocyanatomethyl)-cyclohexane, bis-(4-
20 isocyanato-3-methyl-cyclohexyl)-methane,
a,a,a’,a’-tetramethyl-1,3- and/or -1,4-xylene
diisocyanate, 1-isocyanato-i-methy1-4(3)-isocyanato-
methyl cyclohexane, and 2,4~ and/or 2,6-hexahydro-
toluene diisocyanate. Mixtures of diisocyanates may
25 also be used. Preferred diisocyanates are 1,6-hexa-
methylene diisocyanate, isophorone diisocyanate, and
_bis(4-isocyanatocyclohexyl)-methane. 1,6-
Hexamethylene &iisocyanate is especially preferred,
either alone or as the primary constituent of a
30 mixture of diisocyanates.
Examples of suitable triisocyanates that can be
used as starting materials for preparing the
polyisocyanates according to the present invention



are organic triisocyanates represented by the f or mul a:

R(NCO) 3 Ln R represents an organic group obtained r enovi ng
the i socyana}t@gﬁ]gga?%)ups froman organic triisocyanate hav 595’11288
(cyclo)aliphatically bound i socyanat e groups and a nol ecul ar wei ght of
112 to 1000, preferably 140 to 600. Exanples of readily accessi bl e
triisocyanates include 1, 8-diisocyanatas4 10 | socyanat onet hyl oct ane

(1, 3,6-tris(isocyanato- nmet hyl ) - hexane) ,

1,2,3-tris(4' -isocyanato-1'-oxa- but yl ) propane and | ow nol ecul ar wei ght
| socyanat es prepared from am ne derivatives of propoxyl ated

gl ycerol and/or trinethylol propane. 15 It is also possible in
accordance wi akret byganicptridmpecyanahiesorepresseted istd® the previously
nmentioned dii $QeyaAates w th nonoi socyanates or pol yi socyanat es havi ng
three or noreisocyanate groups, PFOVIded that the isocyanate groups
are 20 (cyclo)aliphatically bound.R In accordance with the

present inventin@idiin ESrepresﬁh@&eahedrﬁanﬁargyoﬁptobhalnedchyon under a
bl anket of an ,ine he di nmerization

r ni
and al | opfanaEieFRViing 5@ &F&PyéPetﬁa9r88P§%§r?%r?Pa?ﬁg%ﬂo phi nes, for
exanpl e the camidwedsamane haedngn (CBcPS) 416pHat88ally boendlumm 4, |ines

11-47, herein, |nco%ﬁ$rateg8g¥ﬁeand e%g&ggﬁ T&é?&ﬁﬁogghgfghtge and

trloctyl erre lary’p hine 3
catal ysts. AlS®osuipraifiecrably péPakRyFafed asamples of rredftdd¥ such as

those descr'b%%égééfﬁie @?ég%chana ggslnﬁlggg ¥8§-§ﬂﬂséc§&ﬂaig54wo

specific exa rls | am no) sphi ne
96/ 09333 10 1§ocyanatomethyloctane (1,3 -trls(lsp@ygng§grll288
- 16- methyl) -hexane), 1,2,3-trls(4'-1socyanato-1'-oxa-

butyl)propane and low molecular weight isocyanates
prepared from amine derivatives of propoxylated
glycerol and/or trimethylolpropane.

15 It is also possible in accordance with the
present invention to use blends of the previously
mentioned diisocyanates with monoisocyanates or
polyisocyanates having three or more isocyanate
groups, provided that the isocyanate groups are

20 (cyclo)aliphatically bound.

In accordance with the present invention it is
preferred to carry out the reaction under a blanket
of an inert gas, such as nitrogen.

The dimerization and allophanatization

25 catalysts may be any tertiary phosphines, for
example the compounds mentioned in US-PS 4,614,785,
column 4, lines 11-47, herein incorporated by

‘ reference. Tributyl phosphine and trioctyl
bhosphine are the preferred tertiary phosphine

30 catalysts. Also suitable are peralkylated acid
triamides such as those described by U.S. Patent
Nos. 3,290,288 and 4,614,785. A specific example
would be tris(dimethylamino)phosphine.



O her suitable dinerization and al | ophanati zati on catal ysts are 4-

di al kyl aW248#333di nes and 4- (N-aryl al kyl - N-al kyl ) am nep¥iissd/ 198

These 5 catalysts have the structure Pyr-NRerr]R err] (lI) where Pyr

is a 4-pyridinyl residue and Rl err] and R err] are, i ndependently from
one another, Clerr] to (Jerr] alkyl Qﬁd@[err] to CJerr] arylalkyl
groups, or Rerr] and R err], taken together with the attached
nitrogen, forma ring which may 10 contai n other heteroatons, such as

- oxygen, nitrogen, or sulfur, to give, for exanple, pyrrolidine,

pi peridine, or norpholine residues. Common exanpl es of 4-dial kyl am no

pyridines are otﬂeﬂiQﬁiﬁ&bﬁ&iHﬂﬁéfhghﬁgoﬁrﬁhﬁrred to as DVAP), where 15
structures are th CHerr], and

err]. a .
4-pyrro|idiE%1L9£FGFﬁEl Rﬁék@ §FF6&Y§F§S Reef] and Rlerr], t aken
toget her, ar@idUkbeanjnrbpyrididesNanayl al kyl - N-al kyl') - am nopyri di nes

lifij by_4- b | = th d f dt
BUAP) - wner 420N SEY Lo LY Ta e LY]) puiaPpUrPEE | HBRRE and Rierr] is
CH err].5 Ancahelystashave thefshsatuhrélByrhNRERQn(nndwnéféphyﬁat|zat|on
catal ysts arfsagkxlgg gigggaégggauéu ﬂdaﬁ aﬁdzgz aE?idlm&*thyllmdazole

Pol ynmer- or STlTca- rsrons o falysts are al so
possible. Thedependentibyefrom opat anptherar 6;pkef 6gadlkybeonuce no

cat al yst poiggn NGOy al esi nd are
97C12 2EY FDOPD UL SN 0L RPN %Oéo%ﬁéhé‘f |

left in the $ sol uti‘on Jor final purlfl%d
In the practVesh the| pESRFBRAOPIERRIBR0CESEBsa Ting, ¥, FG% o thls

i nventi oo, tbentainl Mﬁhérahéteroatdﬁﬁeréhbh dsedxygen , dndktirdgenf about .
0.01%to 3@6b¥ |g more. referabaé from 1@6to 2% by melght
WO 96/ 09333 OF sulfur, €0 §ive, “£br examplé, pyrredifines 11783

-17- piperidine, or morphecline residues. Common examples
.of 4-dialkylamino pyridines are
4-dimethylaminopyridine (referred to as DMAP), where

15 structures R; and R, are both CH;, and
4-pyrrolidinylpyridine, where structures R; and R,,
taken together, are (CH,),. 4-(N-arylalkyl-N-alkyl)-
aminopyridines are exemplified by 4-(N-benzyl-N-
methyl)aminopyridine (referréd to as BMAP), where

20  structure R; is CH,CgHg and R, is CHj. Another class
of useful dimerization and allophanatization
catalysts are alkylated imidazoles such as 1,2 -
dimethylimidazole. _

Polymer- or silica-bound versions of the above

25 catalysts are also possible. These insoluble
catalysts are preferable because no catalyst poison

- is needed and no catalyst residues of any kind are
.left in the product solution or the final purified
product.

30 In the practlcal application of the processes
according to this invention, the catalysts are
generally used in a quantity of about 0.01% to 3% by
weight, more preferably from 0.1% to 2% by weight,



based upon the quantity of unnodified starting pol yi socyanat e.
Sui tabl e pQ%é?@ﬁB%?r t he phosphi ne catal ysts, whi ch term nate not just
the dinerizatl eaction 5 of nonoisocyanates and pol yi FEHEIHESS put
al so the al | ophanati zati on reacti on of nonoi socyanates and
pol yi socyanates, are those previously described for termnating the
di meri zati on of nonoi socyanates and -17-pol yi socyanates, e.g.: sulfur;
oxi dants such as 10 oxygen, ozone, hydrogen peroxide, alkyl
hydr oper oxi des, and al kyl peroxi des; al kyl ating agents such as
di nret hyl sulfate, p-toluene sul phonic acid nmethyl ester; sulfonyl
| socyanates of the type di sclosed in US-PS 4,614,785, colum 5, |ine
27 to 15  colhased updm&as quantdity iofc snpoddfdg¢dpgtastdnance; or,
hal ogen based iiggdg?gﬁg%g;nwn HX, where X is a hal ogen such as

e. The s

chlorine or brom ) anme | catal%é;pggisons may be used with the
ani ne cat al ystSuitghle Redsopseforolk EPRANENGatRAYSES, oxi dants.

Low ol ecul ar wei @it Gatidlatsd o just RGeS@ne@rizhalivet gedByishso be
removed by distil]ation fromthe product sol ution_and/

r th
product. 5  ©of mongiseR¥Anates @dd RedYASCopRRaA anPP8n33F°tﬁ§ezs
starting diisofypsistiaattivhidny irsactdon of monolisocyanatpsi andl |y carried
out in the presence of solvents i ch _ar.e iner s y te groups,
al cohol @%‘E‘bﬁ‘?o%#}%‘ RS B eD@S&%&l%Héag’pgrelg? ﬁéiggeggg of
appl i cati on ofterminatihg ttheaddarediizg tiiont lifs m@@oispoyanates, andw t o nedi um
boi li ng sol ve ' oiJi,n nt.S, + e d,<Sui tabl e
sol vent s rklsc?llﬁjsdgegﬁhoaxtfr?é; tée'sd['e'r %uz'uc fat§§:elt }ﬁltgagg?glt &%or but yl
acet at e; M0 one@XYgen s Arngsy, thyidragenoperoxidenwnadsydo33s

PCT/ US95/ 11288, yaroperoxides, and alkyl peroxideld- alkylating
agents such as dimethyl sulfate, p-toluene sulphonic
acid methyl ester; sulfonyl isocyanates of the type
disclosed in US-PS 4,614,785, column 5, line 27 to

15 column 6, line 35, herein incorporated by reference;
or, halogen based acids of the form HX, where X is a
halogen such as chlorine or bromine. The same
catalyst poisons may be used with the amine
catalysts, with the exception of sulfur and the

20 oxidants. Low molecular weight catalysts or
poisoned catalysts may also be removed by
distillation from the product solution and/or the
product.

The dimerization and allophanétization of the

25 starting diisocyanates and polyisocyanates may be
optionally carried out in the presence of solvents
which are inert to isocyanate groups, alcohol

" groups, and the catalyst. Depending upon the area
of application of the products according to this

30 invention, low to medium boiling solvents or high
boiling solvents may be used. Suitable solvents
include dioxane; esters such as ethyl acetate or
butyl acetate; aromatics, such as toluene or



xyl enes; ketones such as acetone, nethyl ethyl - ket one, or

cyclohexaﬂﬁh%mméﬁhers such as ~diisopropyl ether; al kanggy 1%&

cycl ohexane, petrol eum ether, or ligroin; and even chlorlnat

hydr ocar bons, except for carbon tetrachl ori de. In accordance with
the present invention, al | ophanag.groups are fornmed by reaction with
uretidi one groups by the use of linear, cyclic, or branched

pol yal cohol s. Exanpl es of suitable 10 polyal cohol s include ethanediol;

1,2- and 1, 3-propanediol; 1,2- and 1, 3-butanediol; 1,4- and

1, 5- pent anedi ol ; neopentyl glycol; 1,6- and 2, 5- hexanedi ol ;

3-net hyl - penkynén&s5 Heﬁbnee ﬁﬁbhthZacetoneprﬁﬁthyuoa@ﬁgil 3-di ol ,
2, 2-di et hyl ane-1, 3- i ¥#hexane 3-dio
55 a-tri e KOERRR: afe. SvSlgngRanchef' BERRESIERERAS O ¢ Gl

1, 10- decaneddbisopropyl, ékhepgeaikades| sudhetbykyodopeyaale, trlethylene
gl ycol, dipr I tLlp € C 2 xanetrio

trlnethylol gﬁg%gf& ¥€§% ék i98¥hgﬂ ggh& 3§Fn gh10}1%pghtla§erythr|tol
1,2- thr® 1 hydrocarb9esohex9ﬁ§§|59r wgr opr &£ rashéorédehe use of the

et her - group cont agp QScSQhXﬁ&EO{&Q{:ﬁ thBepyagent mven@l%er functionality
polyols will afford coatlngE for.mul aFlons with more .rapid gelling,

tack-free, afdlophangte; gy EuPFﬁngFﬁﬁg B¥nperedirs ¥étal cohols with
| ower fUﬂCtlQﬁétiaieﬁe groups by Ihe pekyerhedneakyakgyenalks wxeful in this

[ ti h t .1 le, b
or epar ed by PRRACBPGREPLYALFOHOOR. EXSBPRSFCRE BRANEBLE: opyl ne oxide.

but yl enlaoomﬂelyalcoholsemncmhdeobjzdanadn.nlt,he pea@dce of a suitable '

pol yreri zat | oncat ghygbasBy;t hebr ald' 4, 90bkRanegiol? L0420

' 1,5-pentanediol; neopentyl glycol; 1,6- and 2,5-
hexanediol; 3-methyl-pentane-1,5-diol, 2-methyl-2-
propylpropane-1,3-diol, 2,2-diethylpropane~1,3-diol,

15 2-ethylhexane-1,3-diol,
2,2,4-trimethylpentane-1,3~diol,
trimethylhexane-1,6-diocl, 1,l10-decanediol,
1,12-dodecanediol, diethylene glycol, triethylene
glycoel, dipropylene glycol, tripropylene glycol,

20 1,2,6-hexanetriol, trimethylolethane, trimethylol-
propane, glycerine, pentaerythritol, 1,2- thru 1,4-
cyclohexanédiol. More preferable is the use of the
ether~group containing polyalcohols. The use of
higher functionality polyols will afford coating

25 formulations with more rapid gelling, tack-free,'and
ultimate curing times compared to polyalcohols with
.lower functionalities.

The polyether polyalcochols useful in this
invention have at least two hydroxyi groups and may,

30 as an example, be prepared by the polymerization of
‘ethylene oxide, propylene oxide, butylene oxide, or
epichlorohydrin in the presence of a suitable
polymerization catalyst, by their addition to

4



§tarting conponent s having reactive hydrogen atons. Sui table starting

conponent s a6k hgle; et hyl ene glycol, 1,3- and 1, 2- propyl%ﬁﬁﬁ&%éﬁg#sthe

Lrlnethylolpropane and glycerin. It is possible to 5 use

pol ymeri zabl e groups and/ or starting conponents. When t he

pol yi socyanat es cont ai ni ng uretidi one and al | ophanat e groups accordi ng
to this invention are prepared fronT%%TyaIcohoIs or m xtures of 10

pol yal cohol s where at | east one conponent is a pol yal cohol contai ni ng
et hyl ene oxide units, the pol yi socyanates can be easily dispersed in
wat er . Al so suitable for the present invention are fatty

al kyl pol yal cohols oy fluorinated pol yal c hols rtlcul rly where at
Teast b V% S rRaTRg SRR S T iR oget, 2 toms

Pplyﬁlcoho!s VwﬁdkfiﬁmétsﬁwﬁﬁingﬂcdmﬂonéﬁhﬁIuﬂulude etﬂy&emﬂenlstlcs to the
i nal coati ng. el pro Rl cast el astoneric
products, 20 S} ot e %g{!s% Y‘ﬂeﬁ’se ‘Jr\iqy%rotl’on whi ch
| ncor por at e fatt:ylméﬁyqum;bl;apmm@d)rgmmmmatéd: is possiijdiec divol s,
particul arly V\/rﬁ%g ﬁx&?@é Llaad /Y

errve 5|n1lar

fl uori nat ed; ene |ts | 1tion to I nparting the
25 characterlstantlnﬂ eonponant nDId rel ease agent

Addi tional l'y, |ow nojgpgeeyl @fe Wed 9{5 a»f?asség%ontanmigytdrétqtdl@rn%
polythloethereséﬁrs ikpggggbon e%ﬁ% o ylactoqﬁa, aqﬁ% olactones
pol yacetal s, an Yo R & ¢ A's, 30

ei ther alone orapg peép aﬁédafﬁﬁﬂ)@ﬂlyﬁmﬂoﬁabﬁlﬂﬁemxxturesIdmpart desirabl e

properties_to the fipished product th| et hers usef ul
in this in%éntlaﬂlya{5°%ﬁig Vﬂfﬁﬁnﬁﬁnﬁﬁﬂﬁqn?ﬂﬁ(ﬁﬂﬂé£ néd by reacting
WO 96/ 09333 polyalcohol containing ethylene oxﬂaEHdﬁﬁﬁﬁllﬂﬁB
-20- L o0 LYEPknfed t8ad Wb AL Oy USdb U 19 YWk,

Also suitable for the present invention are
fatty alkyl polyalcohols or fluorinated
15 polyalcohols, particularly where at least 2
contiguous carbons are fully fluorinated. Such
polyalcohols will impart water or oil repellent
characteristics to the final coating. Other
products, such as RIM or cast elastomeric products,
20 made from the products of this invention which
incorporate fatty alkyl polyalcochols or fluorinated
polyalcohols, particularly where at least 2
contiguous carbons are fully fluorinated, will
derive similar benefits in addition to imparting the
25 characteristics of an internal mold release agent.
Additionally, low molecular weight polyesters,
- polythioethers, polythioetheresters, polycarbonates,
polylactones,'polycaprolactones, polyacetals, and
polysiloxanes may be used as the polyalcohols,
30 either alone or as part of a polyalcohol mixture to
' impart desirable properties to the finished product.
Among the thioethers useful in this invention
are the condensation products obtained by reacting



di carboxylic acids, or formal dehyde. The products obt ai ned are m xed

et hers, pWG2MIB33et her-esters or pol yt hi o- et her - pol yacepet/ss9stiapssndi ng
upon the 5 coreactants. . Sui t abl e pol yhydroxy pol yacetal s incl ude,
for exanpl e, the conpounds which can be prepared from gl ycol s such
as diethylene glycol, triethylene go<ol, and hexanediol. Suitable

pol yacetals for 10 the purpose of this invention may al so be prepared

by the polynerization of cyclic acetals. The pol ycarbonates with
~nmore than one hydroxyl group.are known and i nclude those which can be

prepared by the reaction of diols such as 1,3- 15 propanediol,
1, 4- but anedi olthiadd/glrych16-dmexidsedival ,and/or diidithydtthee: g yoodls,
triethyl enegl \ . . Jletyaet Ifgyﬂgyﬁgﬂ i th diar ates or
car bonyl di hal )(éi;igr?sr.,b(asxa’c lcagcgh%s?;gé%. l y% rrp’ﬁ{eéa‘?(]ilc%ﬂ‘g%?% al cohol s,
pol yest er al colpdasinez) areamiNgsl hheys alrdiilaretherfestens far t he

products and %ﬁ%?%ﬁ?ﬁiéﬁhéfuﬁ5ﬂj&eaﬂéfglEﬁepending Uy agohol s contai ni ng

functional gr no reactive wth cohol or isocyanate groups are
al so 5hi giigrefesiamdifie. Exanpl es woul d include 25 pol yal cohol s

COEt ai ni ngbacry: at %uif’ﬁﬁﬁl@rpdlqﬁhlydroxy ;fd]%ydce_%&me.{l‘gélu@@,etﬂéf vi nyl o

et her, norbornyl, anoacryl i IS ei m de, and other pol ynmeri zabl e
groups whi ch \%ﬁn@lﬁ'oﬁié’e %‘H‘bprf}l“ﬁﬁ’géed’ 531 Be prepa’fﬁéléx,'&bost - or
pre-cure net helyaflsaichasS@idthydernaglyly |arideneiene coul d al so be
ext ended t.Q. ot.her | | bey t

adhesi ves, sezﬂlé'rﬁosl’arﬁpa‘%%’gﬁéﬁb%;ﬁ Z%Lg]ghogng$séwac%§?%333

PCT/ US95/10128&he purpose of this invention may -&@liso be prepared |t is '
al so possibIeﬁ§1éﬂéxgégymgifggghggmgf cycfgéﬁgggtgigpntion to use m xtures

of the above _ i
The polycarbonates with more than one hydroxyl

group are known and include those which can be
prepared by the reaction of diols such as 1,3-

15 propanediol, 1,4-butanediol, and/or 1,6-hexanedidl,
diethylene-glycol, triethyleneglycol; or
tetraethyleneglycol with diarylcarbonates or
carbonyldihalogens, such as phosgene.

Simple aliphatic alcohols, polyester alcohols,

20 and polyether alcochols are preferred for the
products and processes of this invention.

Polyalcohols containing functional groups not
reactive with alcohol or isocyanate groups are also
highly desirable. Examples would include

25 polyalcohols containing acrylate, methacrYlate,
allyl, propenyl, acetyl, vinyl ether, norbornyl,

~ cyanoacrylic, bismaleimide, and other polymerizable
groups which would provide such added benefits as
dual-, post- or pre-cure methods of coating '

30 hardening. Similar benefits could also be extended
to other applications besides coatings, such as
adhesives, sealants and RIM, and cast elastomers.



pol yal cohol s to achi eve the benefits described. It I's al so possi bl e,

and nore puRfRfese, in accordance 5 with the present inve?&#&gdstﬁzékse

m xtures of the above pol yal cohols to achi eve the bene escri bed
where at |east one of the pol yal cohol s is an et her - gr oup- cont ai ni ng
pol yal cohol . The reaction tenperature for uretidione and 10

al | ophanate formation in accordance wi t®RXhe present I nvention is
about 10[err]C to 130[err]C, preferably about 40[err] C to about
110[err] C, and nost preferably between 55[err] C and 95[err]C.

The process according to this invention nay be 15 carried out either
bat chwi se or contin

usly bed bel.ow. The starting
pol yi socyanate is '3 ?ﬂ&&u?@&sﬁgiﬁ %HeaEQBFGQPSﬁ 8}tﬁD€é?ure and
optionally und@me&ep&d1nhenh1bnetb gae, mixwtaras of thelathe stirred vessel

or Lube and_onGiAYRll e et 2cn LN ¢S BRNERE raNhgho L PoLge! (i O

[ socyanat e and gr oups as Ve Sites on the
cat al yst, such I@Satl@loumSlbéﬁyl andemare, peaﬁyrable, aneaqverddndzsopropyl

ether, or Gycl e¥2R%e sent 19'61@‘&:%5' ¥olBser hpgeuPOLYSECORR! , OF

polyalcohol 25 m Xt ur ﬁg e introdyced into the reaction vessel
in accordance WHROVes PPAYALcoRRegi kenpshiggeethe bepefits d@sesibedadd t he

pol yal cohol , orgnEre 4he 18bst onepeb’%iaéobehi]‘aléﬁhélstﬂ@ gatal yst has been
added and the dinerizati n reactlogyﬁgcaﬁ85nenced It is 30

preferabl e t hatHRE @Fﬁ@Pl?&P 8hnipgcBe to 20% conversi on
nost preferably, abahe reactidh%temperaturer sopnurétidienéhsenadl cohol is
added. WO 96/,0933 . . . PCT/ US95/ 11288
"ooc 100 1ok Rare, formRtion. ip, REFOBARNER: FLtR SRR RFFEETT

degree of ol i gdmyentdonoishabobtenoachtevado°Thepreferablyoakouzed portion

fLéEhfsshgrti”QdW@ ¥oSAe%aR0G00c, ahd MEEE' PrdBLELSTy 25 f¥eRO! Vi SOCYanate
55°C and 95°C.
The process according to this invention may be

15 carried out either batchwise or coritinuously, as
described below. The starting polyisocyanate is
introduced with the exclusion of moisture, and
optionally under a pad of an inert gas, into a
suitable stirred vessel or tube and optionally mixed

20 with a solvent which is inert to isocyanate and
alcohol groups, as well as, the active sites on the
catalyst, such as toluene, butyl acetate, ethyl
acetate, diisopropyl ether, or cyclohexane. The
previously described polyalcohol, or polyalcochol

25 mixture, may be introduced into the reaction vessel
in accordance with several embodiments. More
preferred is to add the polyalcohol, or mixture of

- polyalcohols, after the catalyst has been added and

the dimerization reaction has commenced. It is

30 preferable that the dimerization proceed to about 5
to 20% conversion, most preferably, about 10 to 15%
conversion, before the alcochol is added.



5 | onger a starting nononeric polyisocyanate as previ ously

descri beWO %M09#333er m nation is achi eved by the addItIOﬁCﬂﬁsﬁyﬁgﬁ@|ySt
poi son or conbi nation of -poi sons. This term nation nmay be carried out
at a degree of oligonerization of from10%to 95% by 10 weight,
preferably at about 20%to 70% by meigg o Virtually all of the al cohol
groups are converted to at | east nonoal | ophanates or hi gher

al | ophanat es. The extent of reaction may be followed by IR

measur enent of the degree of dinerization and/or 15 all ophanati zati on.
Thus, the reaction nmay be easily term nated at the desired degree of

ol i gonerization, rThe rHadtiorPid GHirPi&l r&&@tﬁﬂ&ia{héﬁd% pegtidione
groups to al anat e groups. The quantity of cat al yst porson required
depends t he cfﬁ%ﬁ%etf hobigomegizat ﬂb#ﬁc%%%my%?h%m%drs TBed, as wel | as
t he ef f il iRyomerifzedh ot oty o £ Flfhécmtal@fkecj dw]{yléécyanatéeaSt a

t hi t {d t | b 8%: t t f th
Teaction, thd hajaein astiied 5 4R pelriscrvanate taafi frgho " 7 1
pol yi soc;EanatJe:rmr d starvingl nonatietid |[Ehlypisocydmate asnner and '
preferabl y 1 qusad il A baRc! I ﬁ?inatl nASlabhfLLeq Y be

carried out, “for exa I cal pIrpe evaporato thin | ayer
evaporators bY thg ﬁlé-maquy ms&aﬁawst W@Mp@’secoﬁlhenptmdnct 30

obt ai ned shoWs e | v 90y adéi:ﬁr{aeéiéi&l%n b rting

pol yi socyanat e g?ﬁiess t han 2% by, wel ght égpr%f% Iess %Ean 0. 5% by
wei ght . a\desies of3 oligomerization of from 10% to 95% by

'PCT/ US99/01128f&ight, preferably at about 20% to 2’30% by weight. 1he '

D enct g por VAEEFH a3 'Ok ‘e AfHGHE] havs gt?%riﬁgre gres et
pol yi socyanatads least Mano@mdmﬂlmtmg{wmllophanates.
The extent of reaction may be followed by IR
measurement of the degree of dimerization and/or
15 allophanatization. Thus, the reaction may be easily
terminated at the desired degree of oligomerization,
at the appropriate relative ratios of uretidione
groups to allophanate groups. The quantity of
catalyst poison required depends the guantity of
20 dimerization catalyst that is used,'as well as the
efficiency of the catalyst poison. Generally, at
least a stoichiometric quantity should be used.
After termination of the reaction, the major
portion of unreacted excess startihg polyisocyanate
25 is removed by distillation in known manner and
preferably reused for another reaction batch.
.Distillation may be carried out, for example, in
. vertical pipe evaporators or thin layer evaporators
conventionally used for this purpose. The product
30 obtained should generally contain a residue of
monomeric starting polyisocyanate of less than 2% by
weight, preferably less than 0.5% by weight.



5 The nodi fied pol yi socyanates obtained in accordance with the
process of wbespgsent I nvention, especially when

1, 6-di i socyanat ohexane is used as the starting polyi soR(EE9%/11288ve an
i socyanate content of between 10% and 24% by weight, 10 nore preferably

bet ween 18% and 24% by wei ght. The rati o of nonoal | ophanate groups to
nonour et i di one groups is gener&li?%?on1l:20 to about 5:1. Small
anounts of carbamate nmay remain in the product, usually less than 0.5%
by weight (as NHCO- O, nost 15 preferably Iess than 0.1% by weight. The
Vi scosity of these products at 25[err]Cis generally about 60 cp

to about 1000 cp, re . prnef.er . Oepwsw 2 ,
The products accorgilqheg @&%ﬁoﬂ%@%ﬂ%}"%ﬁ:@g&@l&% ggl Eg%Felgtggpt%igﬁﬁ materi al s
for the productiwmlsio be prsiparedcandMlenddngapoilyisacyrodbess by reaction
wi th conpound &Hﬁg | ) sl oy aga : | groups.

The products 3% t égggggggggéﬁiﬁﬁﬁﬁ ﬁggf tﬁ?sﬂzgslyﬁﬁsgg?ﬁ%%¥gin particul ar
the preferred $AMRIAIING allophaiadien§ro¥Pehi s i nventi on based on

1, 6-di i socyanat ohex@ae mdd i ik PAYidoyanakeabbstainkacgner
pol yi socyanates. These products, optiona n the formof products

1y |
bl ocked with raReaxdanee WEFh RS BEeCESSn{E FPScRFR§eREents for isocyanate
groups, dmsly_ beire@éﬁt'tirtlﬁd, s PatdW] 178 when }Ni,Ehg@.ﬁ.ga&fylanatoheﬁahéhidr oxyl
conpounds, in particular organi.c Q roxypglyesters,
pol yhydroxypol‘?&ﬁ%@%,&e St%ﬁ%}éﬂo 12otyinate) "Rave an
PCT/ US95/ 11288isocyanate content of between 10%- 834d 24% by weight,

Dol yhyr i1 b G Prp ) Rk WAl 20y BY BELLRE CHAR 0 o
f orm hi gh nakia tof menaadieriamatieooyoupshinemooauragigdiopenpositi ons.
Pol yam nes, paptdid afd Yydrer¥196K89om 1:20 to about 5:1. Small
amounts of carbamate may remain in the product,
‘usually less than 0.5% by weight (as NH-CO-0), most
15 preferably less than 0.1% by weight. The viscosity
' of these products at 25°C is generally about 60 cp
to about 1000 cp, more preferably between 60 cp and
300 cp.
The products according to this invention are

20 .valuable starting materials for the production of
polyisocyanate polyaddition products by reaction
with compounds containing at least two isocyanate
reactive groups.

The products of the process according to this

25 invention, in particular the preferred products
according to this invention based on
.1, 6-diisocyanatohexane, are particularly valuable

- lacquer polyisocyanates. These products, optionally
in the form of products blocked with reversible,

30 monofunctional blocking agents for isocyanate
groups, may be combined in known manner with organic
polyhydroxyl compounds, in particular organic
polyhydroxypolyesters, polyhydroxypolyethers,



form for exanple, polyketimnes, polyaldimnes or oxazol i di nes, are
al so sui tWPI96/0933acti on partners for the products accor dicdigpdos1iiRg -

i nventi on. Additionally, polyaspartic acid esters can be used 10 as
sui tabl e reaction partners. Addi tionally, these products,
optionally in the form of productsfal ocked with reversible

nonof uncti onal bl ocki ng agents for isocyanate groups, may be conbi ned
i n known manner with organic 15 nonohydroxyl conpounds, in particular
organic nmonohydr oxypol yet hers, -to form high quality two conponent
pol yurethane coating conpositions. The anounts of the polyisocyanates

according to Iobilyhydrokypemyheayaadeghe'alndr optiionalls twesr s are sel ected 20
to provide a

t : t = bl qcked, int |
bl onked. Cor uhBteeRiaT BRIPREboLIhEHES o MISERS s snayl FEEHDS of about b 8
to 3, ~ prpbtyabkyhahest cbagingsltéchnology to Foracddlgdr at e har deni ng,
Lhe £oat |0 2gua1 {8YPR5L! LaRBoRBY:CRRAGHEKAANA Ralapics hane

catal ysts, e. nes su m ne, pyridine,
met hyl pyPi di nemppsnzyan- Pailyamipesni Dértmqulam%tllwl

cycl ohexane, goprn, NfGEtE&bﬂbﬁér'Sbﬂ?keﬁ&ﬁh%@%th?oﬂ$d¥dlﬂfﬁ¥%tdﬂE”n”e 30
1, 4-di aza- blcyclo 2,2, 2-0ct ane | perazi ne; or netal

salts such as°FPéﬁlld1ne§klPfgcﬁﬂéPl Qltfpﬂ@ EHQﬁ§¥ﬁ9 Rﬁqﬁﬂﬁ?%nhyl VO
96/ 09333 for the products according to the Rat/en$donl 1288

- 25- h
dibutyltin(IVfagg%ggiggétugbﬁagﬁg%ﬂégﬁcap c&%ﬁﬁfs can be useﬁm&products

accordi ngot o &abi suitable reaztdon pariineersval uable starting materials for 'l

O oups B e used | nAREER ARGk h o b BBk o Lona 1y SR €

form of products blocked with rever51ble,

monofunctional blocking agents for isocyanate
groups, may be combined in known manner with organic
15 monohydroxyl compounds, in particular organic
monohydroxypolyethers, to form high gquality two
component polyurethane coating compositions. The
amounts of the polyisocyanates according to this
invention and their reaction partners are selected
20 to provide a ratio of isocyanate groups (whether
blocked, internally blocked, or unblocked form) to
isocyanate reactive groups of about 0.8 to 3,
preferably about 0.9 to 1.1.
To accelerate hardening, the coating
25 compositions may contain known polyurethane
catalysts, e.g., tertiary amines such as
triethylamine, pyridine, methyl pyridine, benzyl
dimethylamine, 'N,N’-dimethylamino- cyclohexane,
N-methylpiperidine, pentamethyl diethylene triamine,
30 1,4-diaza-bicyclo-2,2,2-octane, and N,N’dimethyl
piperazine; or metal salts such as iron
(III)-chloride, zinc chloride, zinc-2-ethyl



agents. The bl ocking reaction is carried out in known manner by

reacting t | anate groups with sui tabl e bl ocki ng agents,

pref er abl y%béﬁgé evated 10 tenperature (e.g., 40[err]C t ECTAEPHINPL) |
and optionally in the presence of a suitable catalyst, for exanple,
the previously described tertiary am nes or netal salts.

Sui t abl e bl ocki ng agents include nonopkegel s 15 such as phenol, the
cresols, the trinethyl phenol s, and the tertiary butyl phenols;
tertiary al cohols such as tertiary butanol, tertiary anyl al cohol, and
di met hyl phenyl carbinol; conpounds which easily form enol s such as

acetoacetic ester, acetyl acetone, and 20 mal oni ¢ acid derivatives, e.g.,

mal oni ¢ aci d Capr@&é@hyté@fﬁﬁl-%ﬁhXﬁKRﬁBrQﬁtmmi|c am nes, such as

N-net hyl ani | geputherih Y, gﬁ n e, and
ebutP g@gf‘ &11 e eand\"ri&!rfgﬁl enym g{léﬂidﬁ.epdé‘

N- phenyl xylidine; 1Tmde succi ni such as
e- caprol act am and 2%Bhe Hr%Wl%F%I%&‘?%ﬁlféﬂu%st@R:hU&?wCﬁhm oxi me and

cycl ohexanone azsmvamﬁaswtgf@r@iw metdeidd for tW&a?@cﬁthtet hyl
mer capt an, butgolnerc t obenzt hi gzol e, n%ﬁ:@?'

ca
mer capt an, 2and Y“rﬂgﬁﬁﬁﬁlsﬁ%'f’c’é%t%’?ﬁm?]r§a’zrbl‘§§ cbrheas"%‘??ya
1H 1, 2, 4-tri azgkeupandrpyused| 15, a sfsim gslabiel byt knowrpWilatkimg
The coating co e} | . £ . i.1J ves such as
oi grent s, | dycs BRRFPe, snf EARREhS VRNl OFL parr1dt Gl '
PCT/U595/11288known manner by reactlng the isocyzmate groups aydits, and

sol vents. The g %hﬁﬂe%ﬂ@&@iﬁ#o‘{%ﬂﬁé’e ’ief%%ﬂﬁﬁla@%{ té}pa%strate to

be coated in solutio vent ona ds such as

pai nting, 1Pol | FABPeERtRTag(e of- s A QSF e 16P° ): andrieptdemaldy danposi tions
contai ning thetne pPek¥hESCHANR AR GAORS it iyt iforl RUGRIFIQY PrOVi de

coatings which adhere surprisingly well to a
the previously described tertiary amines or metal
salts.

Suitable blocking agents include monophenols
15 such as phenol, the cresols, the trimethylphenols,
and the tertiary butyl phenols; tertiary alcohols
such as tertiary butanol, tertiary amyl alcohol, and
dimethylphenyl carbihol; compounds which easily form
enols such as acetoacetic ester, acetyl acetone, and
20 malonic acid derivatives, e.g., malonic acid
diethylester; secondary aromatic amines, such as
N-methyl aniline, the N-methyl toluidine, N-phenyl
toluidine, and N-phenyl xylidine; imides such as
succinimide; lactams, such as e-caprolactam and
25 d-valerolactam; oximes such as butanone oxime and
cyclohexanone oxime; mercaptans such as methyl
mercaptan, ethyl mercaptan, butyl mercaptan, 2=
'mercaptobenzthiozole, a-napthyl mercaptan, and
dodecyl mercaptan; triazoles such as
30 1H-1,2,4-triazole; and pyrazoles, such as dimethyl
pyrazole,
The coating compositions may also contain other
- additives such as pigments, dyes, fillers, leveling



netallic substrate, and are particularly light-fast, color stable in
t he presawmo®sod3sheat, and are very 10 resistant to abrasipeyysos/112ss

Furthernore, they are characteri zed by high hardness, elasticity, very
good resistance to chem cals, high gloss, excellent weat her
resistance, . and good pignenting propeL5%gs. The pol yi socyanat es
according to this invention also 15 p0Sssess good conpatibility with highly
branched pol yester resins. The invention is further
illustrated but is not intended to be limted by the foll ow ng
- exanples in which all parts and percentages are by wei ght unless 20

otherw se speddit; and solvents, The coating co
Exanmpl e 1 e ' o a 1000 m 3-neck flask equi pedgé??hmgygas

T :
bubbl er, nechkmiaRRligd te the RbeHeREe  take 28oated iR esohatialded 500

grans of hexas@etfpdethe meltliby Sorai€iondDeméthé@gesubhons stirring and
heati ng were staﬁéed.' wgﬁgithe tenperature of the di i socyanat e
Y &K

reached 75[ el R (RPHANF OF SBEEHRTne was added and the
di meri zatg on was rthe ato@fing 7cmpos it ionberontainidid%hé the HDI had been

comveried  polfidbAdiede LEIONRG 4 18 Epdlnfl S YLERTae

-27- epatingsathichicadhere wurprisingndwehk teaati on was
continued. Wignd1e; & eagld el Xtang fad %&PED@&'JB&% 1Pgh§[u,%§%£di one
content of 20 w% the reaction was st opped by addin ol af
equi val ent ( SBORT StRPLYFin Sth?mﬁmeﬁ%%y‘l’gt}é‘?a?ol ATy VEEYaddi ti onal 2
hours 10 resistant to abrasion. Furthermore, they are ' ‘
characterized by high hardness, elasticity, very
good resistance to chemicals, high gloss, excellent
weather resistance, and good pigmenting properties.
The polyisocyanates according to this invention also
15 possess good compatibility with highly branched
polyester resins.
The invention is further illustrated but is not
intended to be limited by the following examples in
which all parts and percentages are by weight unless
20 otherwise specified. '

EXAMPLES
Example 1

To a 1000 ml 3-neck flask equipped with a gas
bubbler, mechanical stirrer, thermometer, and
25 . condenser was added 500 grams of hexamethylene
. diisocyanate. The nitrogen flow, stirring and
heatihg were started. When the temperature of the
diisocyanate reached 75°C, 1.2 grams of tributyl
phosphine was added and the dimerization was run at
30 75°C. When about 10% of the HDI had been converted
to uretidione oligomefs,'ll grams of diethylene



of heating at 85[err]C. The excess nononer was then reaned by thin

film evapokys égaaszis0 provi de an al nost col orless, cl ear ﬂ#gg ﬁﬁ/l ng a
yi scosity of 150 cp (25[err]C), an NCO content of 20. 8 Y% ee 10
HDI nonomer content of 0.2% The yield was 38% By GPC t he average
i socyanate functionality of the product was estinmated to be 3. 2.

WO 96/ 09333 =27=

PCT/ US95/ 11288 - 28- Exanpl es
2 to 4 (According to this Invention) Usi ng the procedure
described in Exanple 1, the fol l owi ng reactions were carried out usi ng
L0® a consy o eL R TARag8 S °0Eh h I8 g bl B e

(O O Visc.(cpmtinuédee WhiSD the etelction mixture had reached a

Gycol | Phlvppetigiofs GUMREoee 20 R, fHle Tefiliopuhs S 2 5T

234- 630 stoppeflyb¥radding. 2 mehar mngivalnmt (riput 51..02g) 3 10

Vor anol 234-63Q W Ehegt gal Naty t
trrnethylo?propgﬁg %?ro%y e f 7 §m5§ an out %%0 and an é% equi val ent

wei ght of aboupfgbeating at 85°C. ~ The excess(&ﬁﬁﬁﬂ%ﬁlWﬁ?l%&ﬁﬁne A
(Polyuretidi ongelbQ€dchy thin film evaporation to provide an

almost colorless, clear liquid having a viscosity of
150 ¢cp (25°C), an NCO content of 20.8%, and a free

10 HDI monomer content of 0.2%. The yield was 38%. By
GPC, the average isocyanate functionality of the
product was estimated to be 3.2.



The procedure of Exanple 1 was repeated, except 15 that the pol yal cohol
(di et hyl erYEO 8608333 ) was not added to the reaction mxty nmé;h 3
renoval of the excess nonomer by thin fil mevaporation, ? &gs
obt ai ned 110 granms of an al nost col orl ess, clear liquid haV|ng a
viscosity of 75 cp (25[err]C), an NCQ.z2f_ content of 21.5% and a free HD
nononmer content of 0. 3% and an esti nated average.isocyanate
functionality of 2.2. WO 96/ 09333

PCT/ US95/ 11288 - 29- '

Conpar ati ve Exanple B (Pol yi socyanur ate Product)

To a 1000 M 3- nesdanidiask ediy @g%dﬁdﬂﬁi&lﬁaﬁo thlebm@:im@hani cal
stirrer, thernoneter, and 5 condenser was a 500 grans o

hexanet hyl ene dii socyanate. The nitrogen flow, stirring and heat i ng
were started. Wherusinpettsd procddute describedcimmekampbachpdtBe err] C,

0.2 0 of geliihing SELULAR YL oy Py o ce

but anol was I on Was
reaction ni xtspecifikd ccedgents and genditieysinsett foxtnt ént Tableo wt % the

reaction S stopped by adding 1 nolar equivalent of HO (5% in
HDI ). Theé excess nonomer was then renoved by thin 15 filmevaporation to
provi de an al nost col orl ess, clear liquid having a viscosity of 2800
cp (25[erf]CWF§§=T=§EETNGGEF?ETEEF=@ﬁf?quﬁiafﬁfﬁfa**ﬁﬁﬁ**ﬁﬁﬁﬁm”Er_
content of 0j2%with an estinpted average 1socyanate . fqnﬁtlonallty of
3' 5 ( C) Visc. (cp) -] (¢} 1€,
1 _ HDI | Functlity
Z Ethylene | 22 ] 213 260 03 33 37 .
Glycol
3 Voranol® | 2.2 92 213 130 04 38 37
234-630
7 Glycerine | 2.2 7] 209 700 03 50 37

10 * Voranol 234-630, 2 Dow Chemical €o. product, is an ethoxylated trimethylolpropane triol with an OH# of
about 630 and an OH equivalent weight of about 89.

Comparative Example A

(Polyuretidione Product)

The procedure of Example 1 was repeated, except
15 that the polyalcohol (diethylene glycol) was not
added to the reaction mixture. After removal of the
excess monomer by thin film evaporation, there was
obtained 110 grams of an almost colorless, clear
liquid héving a viscosity of 75 cp (25°C), an NCO
20 content of 21.5%, and a free HDI monomer content of
" 0.3% and an estimated'average isocyanate
functionality of 2.2.



20 APPLI CATI ON EXAMPLES Four

pol yureti dj - ophanat es were eval uat ed I n conparison to a sinple
yretidi one%ﬁ@?@gcyanat e prepared in the Conparative E&“E{NS?%“%S
A solvent M xture C was prepared from equi mass 25 anounts of butyl

acetate, nethyl anyl acetate, and et hyl ethoxy propionate.

An isocyanate reactive cofornulation B-das prepared based upon the

i ngredi ents outlined bel ow in Table 2. WO 96/ 09333

PCT/ US95/ 11288 - 30-

TABLE 2 | NGREDI ENT VIEEI GHT (gr amns) Joncryl

J-510[ err] 50. 00 G Cure 105P70[err 50.00 5 FC430 (10%
in toluene)[err] 0. 34 99@B§¥Q§%¥§+§¥§£R%ﬁﬁgeﬂr] 1.50 a
A@ryllp resin fromS.C Johnqgalyisobyanﬁgaybiprbaaba)fron1Henkel, GA c
Flow aid from3Min toluene 1 0 d D butyltindilaurate The

G Cure 105P70 is an acrylic polyol, obt ai ned and used as a 70 wt %

sol uti f)n in propyl _emﬁ a %Ooglmtois-n@dﬂomlésk efqhippedt etithe avigds an
equi val ent t 0 . . : | 15 J-510
PPBEB%F y Opeﬁnﬁ%ﬁlggii 3@1%%%‘9?&1&%@@918, anPnery

IS a pure acry n-equ
5 condenser was added 500 grams of hexamethylene

diisocyanate. The nitrogen flow, stirring and
heating were started. When temperature of the
diisocyanate reached 80°C, 0.2 grams of a 10%
solution of benzyltrimethyl ammonium hydroxide in

10 butanol was added and the trimerization was run at
80°C. When the reaction mixture had reached a

. polyisocyanurate content of 30 wt%, the reaction was

stopped by adding 1 molar equivalent of HCl (5% in
HDI). The excess monomer was then removed by thin

15 film evaporation to provide an almost colorless,
clear liquid having a viscosity of 2800 cp (25°C),
an NCO content of 21.4%, and a free HDI monomer
content of 0.2% with an estimated average isocyanate
functionality of 3.5.

20 APPLICATION EXAMPLES

Four polyuretidione-allophanates were evaluated
in comparison to a simple uretidione polyisocyanate
prepared in the Comparative Example A.

A solvent Mixture C was prepared from equimass

25 - amounts of butyl acetate, methyl amyl acetate, and
ethyl ethoxy propionate.

An isocyanate reactive coformulation B was
prepared based upon the ingredients outlined below
in Table 2.



wei ght of 500 and an OH nunber of 143. To formthe coati ngs, ' ’

suf fici ertvopepgassocyanate was added to the | socyanat e pcaassok/ Y288
formulation to provide a ratio of isocyanate groups to hydroxyl groups
of about 1.0 20 to 1.1. The drying profiles and physical
devel opnent of the filnms and pot Iive§381 the fully conbi ned
formul ati ons are noted in Table 3. WO 96/ 09333
PCT/ US95/ 11288 -31-
Table 3 | socyanat e Cof ornul ati on: pbw of
pol yi socyanat e per 100 pbw Cof m. B (grans) 32.1 35.8
35.0 35 e—3E el C OB 49.0
52.0 55 : 60.0 VOC(I bs/gall on)
3.7 3.1 . 8 3.7 WEIGHT (grams) Fi | m Devel pprent
Sol vent Evap XNrs) 0.9 50000, 8 0.7 0.4
CGel ation Ting s =TSm0t 7 —t5— 3 1.1
10 5 A LTines (hrs) e 1 I+ H 3
1.7 1.4 PN Tt gl Dry Tines (hrs) 45 1 4.2
3.5 3. 1 T-12 (1% in pluene)” .
21.7 . 22.3 . : , =T.
gg.g gg.% e esin from S.C213ndon 25.9 15 T=2.5 hrs

: : 3 . . 38.5 ' - Estimated Pot Life
(hrs) - A“’"”""Q‘.‘W.‘d“‘?“g"g‘ 2.50 2. 00 1. 50 Film

10 d Dibutyltindilaurate ' '

The G-Cure 105P70 is an acrylic polyol,
obtained and used as a 70 wt% solution in propylene
glycol monomethyl ether acetate with an equivalent
weight of 815 and an OH number of 68.8. Joncryl

15 J-510 is a pure acrylic polyol with an equivalent
weight of 500 and an OH number of 143. To form the
coatings, sufficient po1yisocyanate was added to the
isocyanate reactive formulation to provide a ratio
of isocyanate groups to hydroxyl groups of about 1.0

20 to 1.1. The drying profiles and physical
development of the films and pot lives of the fully
combined formulations are noted in Table 3.



20 d oss

100

98 98 97
60 G 0SS WO 96/09333 114 112 112 112 112
26 Penci| Hardness 30 3.0 PQ/ps9s/11288
4. 0+ 4. 0+ | npact Resi st ance: Forward
160+ 160+ 160+ 160+ 160+ Rever se
160+ 160+ 160+ 160+ ~Bao+ Mandr el
pass pass pass pass pass 25 Adhesi on
pass pass 90- 100 90- 100 90- 100 90- 100
90- 100 Chem cal and Environnmental Resistance (30 m nute spot
test) MVEK M M M
M M Xyl enes M M
M M M 30 10% Acetic Acid pass
pass passf— pass By 2ble 3
pass F——paES———PAES—Tr S S—T13 - CH
pass pas Pass pass pas M}ﬁl
PCT/ US95/ 1128 lsocyanate Coformulation: - 32} Sever al
i nprovenent s Qtebwdifpiyboadae t 0 t he pise of t he pfoductfs of tlhis invention
are observed. |~ R CHRa ieaaseT 7| mar f pspandasd o | se urjesy di gne- -
| socyanur at e o2t =Y Plsa—A)tor - at--pa-- - is an overall
reduction in oatlnq gé and. ard dry tilnes, %}rTU@ rl\y as
functional i tyd’FCﬂ’f@““) ur et di ohe”al dphanat’e i péreade¥’ Gyl tines are a
measure of the¢ Fimbe iqpeuqul red tor fhe cpating to vifrity dnd no | onger
flow GCel ting _Wr‘_t lo"gat,' -&71 154 J-l(]_lqllb'\_ T 001 Ihat time when
dust and tter fdll hot r H-a&uy.' ﬁ.tri_d&._l_n_tje
coating. Hard{dry t1 res™Yeasure thé’pol if whel a | = daXi mudh har dness
val ue is8chi ¢vBESPTRSESFDr e, wheh 7 ¥ he |p¥odukt}d of] #he dqurrent
i nventi on ar e{{US&diPry Limes (hey NOT LET [ @b al | @dal [Tgp L1 B3 T g5t8 U, which, in
turn, per [k s—e—be—poeated—per
T=0 21.7 223 222 218 213
T=10 hrs 263 262 %63 | BJ7 B9
15 T=33hrs 332 | 323 B3| B2 B3|
Estimated Pot Life (hrs) 230 200 250 2.00 1350
| Fim Properties:
20° Gloss 100 98 98 | %7 97
60° Gloss 114 112 112 112 112
20 Fenril Hardness 30 30 30 20+ 20+
Impact Resistance:
— Forward 160+ | 10+ 160+ 160+ 160+
Reverse 160+ 160+ 160+ 160+ 160+
Mandrel pass pass pass pass pass
25 Adhesion pass pass pass pass pass
DOl D030 | 90-100 | 90-100 | 90-100 | 90-100 ||
Chemical and Environmental Resistance (30 minute spot test)
- TMER M [ M M M M
Xylenes M M M M ™M
30 P ~10% Acetic Acid pass | pass pass pass | pass
‘ HCI pass pass Ppass pass pass
[ 10% NaOH pass | pass pass pass | pass




unit tine, resulting in a reduction in overall manuf acturing costs.

Si gni fi cAK® %83t i ons in manuf act uri ng cycl e ti mes ar ®Caruse§/pnss

- benefit, 20 particularly in the autonotive refinish nmarkets wher e dust
free storage space is expensive and is therefore a production limting
criteria. In addi tion, the ultinmatgpyhardness of the coatings
utilizing the trifunctional polyol-based 25 al | ophanat es were hi gher than
that of the © uretidione-isocyanurate polyisocyanate fornul ation.
Hi gher hardness indicates inproved scratch and marring resistance. The
benefit of higher hardness I's inproved coating performance as well as

- fewer 30 defects Seseatadd imprwaremersosdlattribuiidbld tdietlns hese of physica
proper {1 es arg A% YRRYLLS il invelIH RIMLAU4NG. VO

- 33- ComparA nge ddved s gerfforaggide &id drhe ametidienearri ed out

usi ng an.oxaq@ddy&%ﬁ$§%é1(afnaaﬁﬁ%fygﬂ#aﬂgxéﬂgaefA) £ O ation, .

pol yur et ;ﬁgl or%g- all op r%ggtq%rs?rvgrle rconpari;jq ;[P_gl _'[{;;@Ségp eqauret i di one

pol yi socyanat@ €t dfa COh e ESeApng R

Kol y: soc%f-aR/lU&?tz@ dcx;'y ﬁi‘i{éé',swgﬁ?ﬁxﬂdﬁl@e% ezhﬂdtif&faﬁ@{idsf@ﬂm: e B).

sol ven xture G was prepare rom equi NMass ajjount s of buty

acetate, met I‘l‘ﬂetéﬂ?'lonfc'@tqét‘ﬁ’, angte 1ncr%qﬁﬂs et 5 T AER & 10

An i socyanat egagantd \of ddieortinientdeguifethsfor thp epeaterthdased upon the

| ngredi ents eritizlflr}%rd al%% P londeq: -I:-tal%v? 4'Gel times correlate

10 well with tack-free times, or that time when dust !l

and particulate matter will not readily stick to the
coating. Hard dry times measure the point when a
maximum hardness value is achieved. Therefore, when
the products of the current invention are'used,

15 shorter total coating times result, which, in turn,
permits a larger number of parts to be coated per
unit time, resulting in a reduction in overall
manufacturing costs. Significant reductions in
manufacturing cycle times are a major benefit,

20  particularly in the automotive refinish markets
where dust free storage space is expensive and is
therefore a production limiting criteria. 1In
addition, the ultimate hardness of the coatings
utilizing the trifunctional polyol-based

25 allophanates were higher than that of the
uretidione-isocyanurate polyisocyanate formulation.
Higher hardness indicates improved scratch and:
_marring resistance. The benefit of higher hardness
is improved coating performance as well as fewer

30 defects related to part handling. All of the other
physical properties are as expected for a
polyurethane coating.

LY



WD 96/ 09333 PCT/ US95/ 11288

- 34- TABLE4 | NGREDI ENT

VEI GHT (gr a3 & cure 105P70[err] 86. 00 FOYHEP |
14.00 5 FC430 (10%in toluene)' 0.34 T-12 (1% in toluene)[err]
1.50 a Acrylic resin from Henkel GA b D functional
oxazol adi ne from Rohm & Haas c -BBew aid from3Min toluene 10 d
D butyltindilaurate The G Cure 105P70 is an acrylic polyol,
obtained and used as a 70 wt % sol ution in propyl ene gl ycol nononet hyl
ether acetate with an equival ent wei ght of 815 and an OH nunber of

68.8. To formthe 15 coatings, sufficient polyisocyanate was added to the
i socyanat e reacti verf 5PRANGt Bk 05 PPRYIGREIOR AFEPLS wergrcaxipigdinat e

groups to hydr eyl ugiagpanobxakeviding as a ¥&adtive TdE1Wnt Ny Wefiles and
physi cal sevelo the fully 20

conbi ned for nu QFFORggg{ggéeﬁg?igg?%é#g%?ﬁg%ggé ¢é¥%%%§°
PCT/ US951/ 1288the simple uretidione polyisocyanate (prepared in
5 Comparative Example A) and a polyisocyanurate
polyisocyanate (prepared in Comparative Example B).
A solvent Mixture C was prepared from equimass
amounts of butyl acetate, methyl amyl acetate, and
ethyl ethoxy propionate.
10 An isocyanate reactive coformulation B was
prepared based upon the ingredients outlined below
in Table 4.



- 35- Table 5

Ex. A Ex. 1 Ex. 2 Ex. 3 Ex. 4 | socyanat e
Cof or nul e‘lﬁgﬂéﬁsﬁ pbw of polyi socyanate PCB@PWU@*’&)bW
- Cofrom. B (grams) 44.5 53.2 49. 7 . 48.5 48. 5 49. 4
5 Sol vent M x(grans) 49.0 68.0 50.0
54.0 51.0 59.0 V%t bs/ gal | on)
3.6 3.8 3.5 3.5 3.5 3.7
Fi | m Devel opnent Sol vent Evap. Tines (hrs) - 0.4
0.4 0.5 0.2 0.5 0.2 Gel ation Tines
(hrs) 1.4 1.3 1.4 1.2 0.9 0.7
10 Hard Dry Tines (hrs) 1.7 1.0 1.4
1.9 2.0 2.3 Total Dry Tinmes (hrs)
3.5 2.7 Pot Life:
T=0 " 20ﬁ§ﬁ£4 21. 2 ' 22.3 P2. 3
22.2 22.1 T=1.5 hrs WEIGHT (grams) _ A 31.3
28.0 30 29215 T %0 F=2—5trs
36.0 47. § o 446 G 410 Esti-mat ed
Pot Life (hr 22.5 2.0 1.75 2. 00
2. 00 > P IPPFoperti es: 034
T-12 (1% in toluene)* 150
Acrylic resin from Henkel GA .
Difunctional oxazoladine from Rohm & Haas ‘

Flow aid from 3M in toluene
Dibutyitindilaurate

Qa 0 o W

10

The G-Cure 105P70 is an acrylic polyol,
obtained and used as a 70 wt$% solution in propylene
glycol monomethyl ether acetate with an equivalent
weight of 815 and an OH number of 68.8. To form the

15 coatings, sufficient polyisocyanate was added to the
isocyanate reactive formulation to provide a ratio
of isocyanate groups to hydroxyl groups of about 1.0
to 1.1. The drying profiles and physical
development of the films and pot lives of the fully
20 combined formulations are noted in Table 5.



20 d oss 99 96 97 98
99 QB‘X 60[err] d oss 112 109
111 Q76709333 13 112 20 Penci | Har dnegt/Us95/11288
3.5 4.0 35 3.5 3.5 4.0 npact
Resi st ance: Forwar d 160+ 160+
160+ 160+ 160+ 160+ -35- Reverse
160+ 160+ 160+ 160+ 160+ 160+ Mandr el
pass pass pass pass pass pass 25 Adhesi on
pass pass pass pass pass pass DA
90- 100 90- 100 90- 100 90- 100 90- 90- 100
100 Chem cal and Environnental Resistance (30 minute spot test)
VEK M SM M
M SM ) . Table 5 My M M
S 30 10% Acetic Acid pass pass pass
pass pass pass Er A OgFHC | Bel | Be2 | B3] Ex4
pass pass |[ Teocyanalp Goformulation:  PaAS pass pass 10% NaOH
pass PaSS | pbw of piScPanate pasy pass pass WD{96/ 098333
PCT/ US95/ 1128 ; 536 The
: - ) 45 | 532 497°°7 485 485 1494 |
i mprovenents f P RETErE: MY i ods wer & _Simllar tb the prevf ous set.
Most si gni¥i cgntPipeMxClemphe gel {ifes|&% fp¥fer [PBt t h&Cul et di rone
al | ophanat es 5 ) | - ABE 9 33 10 #al qL3ong),
particul arly asﬁt;qygmgﬁmgﬁgal -y
Solvent Evap. limes (hrs) 04 04 0> 0.2 05 0.2
Gelation Times (hrs) 14 13 14 12 0.9 0.7
10 Hard Dry Times (hrs) 17 10 14 19 2.0 2.3
Total Dry Times (brs) 33 27 33 33 34 32
?pt Life:
T=0 208 212 23 23 222 | 21
T=13hss B2 313 280 30.1 89 | 22
15 T=25b1s 360 478 420 a6 409 | 410
Estimated Pot Lile (ars) 2.5 130 Z.00 1% 200 | 200
| Fim Properties:
20° Gloss % 9% 97 98 % %
60° Gloss 112 109 111 111 112 112
20 [ Pencit Hardness 35 20 33 35 35 30
Impact Resistance:
rorward 1el+ 160+ 160+ 160+ 160+ | 160+
Reverse 160+ | 160+ 60+ 160+ 160+ | 160+
Mandrel pass pass pass pass pass | pass
25 —Adhesion pass pass pass pass pass | pass
ol 90100 | 90-100 | 90-100 | 90-100 | 90- | 90-100
100
Chemical and Bavironmental Resistance (30 minute spot test)
MEK M SM M M M
Xyienes M M M M M ™
30 I 10% Acetic Acid pass pass pass pass pass | pass
10% BCl pass pass pass pass pass | pass
— 10% NaOH pass pass pass pass pass | pass




increases. Specifically, the gel times for the trifunctional

pol yol - bawedémpissphanat es were 40 to 50% | ess t han thgl;C'l%stH?z

uretidi one-isocyanurate pol yi socyanate fornulation. 1 &Pthough
the invention has been described in detail in the foregoing for the
pur pose of illustration, it is to,pe understood that such det ai
is solely for that purpose and that vari ations can be made therein by
those skilled in 15 -the art w thout departing fromthe spirit and scope

of the invention except as it may be limted by the cl ai ns. WO
96/ 09333 PCT/ US95/ 11288

- 37 WA S {Apiddhdnts for these férméﬁ%tﬂgﬁg’wer

nonoal | ophanat e- cont ai ni'ng, nonour et 1 di one-cont al ni ng po?y|socyanate

conposi tion Similai bR itdie AXPHicUs set. Most signibiganti¥,functionality

of between the gel ¥inedkd. faster for thé iur@PidfEheontent of 10%to
47% by wei gh a V|sc03|t%;éqoless than 1000 cp, and

t, i
iv) the preséﬁﬁfnﬂaqﬂﬁﬁﬁn¥ﬁ%iﬁ%ﬁﬁp%uﬂrﬁ. ne-1$PoRenebRbfat e groups in a
mol ar ratd o dformulations ;sgartiouilarly donfugeolesal btgai d
nonoal | ophanat.e, qr.o of o et mee ut ... 20:1 and about 1:5, said
al | ophanat e alncrcgasLiﬂpé’gr oS pesé%%iérlagﬁg?'r eta&? i%%l pfrJOI&%%t%%rf' g%e.
ureti di one ortrisunectionalypeiokrhhsed allophanaes arendod0otoa

pol yal cohol  gof Weks Qdtdh that of tHP! G fafinedidodphygkgono!l and said

pol yal cohol m xture contal ni ng between carbon atons and
havi ng a nol KW wksocyanate formulation.
10 Although the invention has been described in '

detail in the foregoing for the purpose of

illustration, it is to be understood that such
detail is solely for that purpose and that
variations can be made therein by those skilled in

15 the art without departing from the spirit and scope
of the invention except as it may be limited by the
claims.
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20 wei ght of
nonoal | oph - cont
ponpositioﬁng%iggag
groups (as NH CO 0)
conposition, (b) a't
about 2% and ab
pol yi socyanat e conpo

bet ween 62 and about 2500, said -

ai ni ng, nonouretidi one- cont ai ni ng pol yi socyanat e
containing: (a) no greater than 0.5% BFTWS&YHA

based upon the weight of the 25 polyisocyanate

otal armount of I ncor por at ed pol yal cohol of between

out 22% based upon-3he wei ght of the

sition, and (c) an anmount of nonoal | ophanat e

conpounds of between about 10% and 30 about 70% based upon the wei ght of
t he pol yi socyanat e conposition. WO 96/ 09333

PCT/ US95/ 11288 - 38- 2. The
conposi tion of WEARI IS ICTAENER XS] zed in that the total anount of

i ncor por at ed pol yal cohol is bet ween 4% and 16% based upon the wei ght of
t he pol yi socyanate conposjtion. 5

1 characterized in

3
1. Ankiawid o RARPSIARIANG TS

. The conposition of claim
@ ani ¢ sol vent and

free of peroxigfénouretidione-dontaleimp Huisiidquyaiatel ajompbsdhdioact eri zed

in that said conposjti contains- urethane groups in a 10 ratio of
nDnoaIIophanat%hﬁFﬁégér%%Pﬁr hane groups of greater than about-5:1.
5. A process for tihe a@ejssegdarateoffundtiprality of between
nDnoaIIophanate-con&a%q&aﬁ,sqynouretidione- cont ai ni ng pol yi socyanat e
conposition mxture 15 ~characterized by: i) an isocyanate

functionality of betieean NCO content of 10% to 47% by weight,

10

15

20

25

30

iii) a viscosity of less than 1000 cp, and
iv) the presence of monouretidione and
monoallophanate groups in a molar ratio of
said monouretidione groups to said
monoallophanate groups of between about
20:1 and about 1:5, said allophanate
groups being a reaction product of
uretidione or isocyanate groups and a
polyalcohol or a polyalcohol mixture, each
molecule of said polyalcohol and said
polyalcohol mixture containing between 2
and 20 carbon atoms and having a molecular
weight of between 62 and about 2500,
said monoallophanate-containing, monouretidione-
containing polyisocyanate composition also
containing: (a) no greater than 0.5% of urethane
groups (as NH-CO-0) based upon the weight of the
polyisocyanate composition, (b) a total amount of

‘incorporated polyalcohol of between about 2% and
- about 22% based upon the weight of the

polyisocyanate composition, and (c) an amount of
monoallophanate compounds of between about 10% and
about 70% based upon the weight of the
polyisocyanate composition.

.
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2.8 and 6.5, i) an NCO content of 10%to 47% by wei ght,

iii) a WMOH8IBy of |ess than 1000 cp, and 20 iv) therasanemse of
nonour et i di one and nonoal | ophanat e groups-in a nolar ratio of

sai d nonouretidi one groups to said nonoal | ophanat e groups of

bet ween- - about 20:1 and abQuytg _1:5, said allophanate 25

groups being a reaction product of uretidi one or isocyanate groups
and a - pol yal cohol or a pol yal cohol nm xture, each nol ecul e
of said pol yal cohol and said pol yal cohol m xture containing

bet ween 2 30 and 20 carbon atons, between 2 and 10 WD 96/ 09333

PCT/ US95/ 11288 2. The composition of claim 1-8faracterized in @&l cohol
groups et ween 62 ,and about

, d._h
2500, o a% g%?ngg%gaﬂﬂ?%nEoﬂBo%PFPEH°58EFQiHPR§a168?°Hols gr eater
t han O.596dbeuweehaﬂ% gm@ups%(baseﬂ+ﬁ§bﬁ)thé wbdghtd ogoghehe wei ght of the

polyisocya a total anount of incorporated
pol yal cohol ?Y en a %ﬁggsééggabout 22% based upon the wei ght of

t he polylsocyanate conp05|t|on and (c) an anount of nonoal | ophanat e

groups ©f 10 bej weefh@boshpd Lt #54 é?oHiaZﬂWibéﬁﬁgaﬁegglEgﬁ in Weight of-

t he pol yi socyanat e, conp05|t|on sal d pro % t he steps of:
A) dlner|2|ﬁﬁa%.%%%@lQPFEWS%FE°Psb§y§ﬁﬁPe°f orggnéepgoéwea éngani c

pol yi socyangtee &f gég@§1@315 pol yi socyanat-e m xture, havi-ng aliphatic or
cycl oaliphatically und i socyanate groups, to form a
ureti di one-contai ni ng conposi tion, B) contacting said

pol yal cohol , or &ai dThe caupgsitbénl ofi zlaim, 1nchhragtérized in '
uret'd'One'ﬁﬁ@éaégiggcomposition contains urethane groups in a -
10 ratio of monoallophanate groups to urethane groups
of greater than about -5:1.

5. A process for the preparation of a liquid,
monoallophanate-containing, monouretidione- -
containing polyisocyanate composition mixture -

15 characterized by: T .

i) an isocyanate functionality .6f between | -

2.8 and 6.5,

ii) an NCO content of 10% to 47% by weight,

iii) a viscosity of less than "1000 cp, and .

20 iv) the presence of monouretidione and

monoallophanate groups in a molar ratio of"

said monouretidione groups to said . -

monoallophanate groups of between--about -

20:1 and about 1:5, said allophanate

25 groups being a reaction preduct of
. uretidione or isocyanate groups and a -
peolyalcohol or a polyalcohol mixture, each

molecule of said polyaleohol and said

polyalcohol mikture containing-between 2

30 and 20 carbon atoms, between 2 and 10

* c L M S *




20 conposition, in an anmount of between about 0.01 and about 0.5 noles
of pol yal cgipd pol yal cohol m xture, per nole of organic _isocyanate
[ 6{0%%33uret i di one-contai ni ng conposition, upon PCTﬁUﬁ?scqléﬁ on

groups in
of, or during, step A) recited above, and 25 causing said polyal cohol or
sai d pol yal cohol m xture to react with said uretidi one-containing
conposition, thereby forming sai d nonoaBPophanat e- cont ai ni ng,

nonour et i di one-cont ai ni ng pol yi socyanate conposition, and 30 O
termnating the dinerization and al t ophanat e-form ng reactions, by
addi ng a cat al yst poi son to the nonoal | ophanat e- cont ai ni ng,

nonour et i di one- cont aj ni ng polgisocyanate . VD 96/ 09333

PCT/ US95/ 11288 alcohol groups, "and having a ,m:_lecular conposi tion,

upon form ng a desiwéefilgptoofNtbotwsen k62 and rabmd [2gpyhate and said
nonour eti di one_i n.sai %%soc anai.e co 6. The

. I I.td an.
process of claﬁﬁfg Bﬂg¥5§?%¥$€% i F° g?ﬁ*ﬁﬁoq{ggﬁﬁﬁ%ﬁ¥hﬁﬁnﬁﬁ)(ﬂorxﬂyalcoho
i ncor por at ed i greater sthanconpbsef i wrethsa e tgmwmipsl Ve NHEEDsed upon

the wei ght sof BQ%&%%%:Z%@%?@?\E?P%Q YPbiyisqcyanate /- The process

of claim b5 characterize sal d "corfposj tion I's free of organic
sol vent and 10compesitienpeflkiaictotal amount ofg inparparetess of claims

characteri zed %Blyalcolﬁ@ﬁtoﬁ%&m%%éﬂ@@%:%@id&dﬁ etangHpups in a
rati o of nonoal | ophanate groups_to urethane groups of, %reater t han
about 5: 1. upon the weight of the poly1soé§anate composit

on,
and {c) an amount of monoallophanate groups of

10 between about 10% and about 70% based upon the
weight of the polyisocyanate composition, said
process comprising the steps of:

3A) dimerizing a portion of the isocyanate
groups of an organic polyisocyanate, or organic

15 polyisocyanate mixture, having aliphatic or
cycloaliphatically bound isocyanate groups, to form
a uretidione-containing composition,

B) contacting said polyalcohol, or said
polyalcohol mixture, with said uretidione-containing

20 composition, in an amount of between about 0.01 and
about 0.5 moles of polyalcochol or polyalcohcl
mixture, per mole of organic isocyanate groups in
the uretidione-containing composition, upon
initiation of, or during, step A) recited above, and

25 causing said polyalcohol or said polyalcochol mixture
to react with said uretidione-containing
-composition, thereby forming said monoallophanate-

- containing, monouretidione-containing polyisocyanate
composition, and .

30 C) terminating the dimerization and
allophanate~forming reactions, by adding a catalyst
poison to the monoallophanate-containing,
monouretidione-containing polyisocyanate

A



15 9. A coating conposition characterized by cont ai ni ng:

(A) an acwowe/obssdr ogen- cont ai hi ng conponent,  and PCT/US9§H’)28§

| i qui d, nonoal | ophanat e- cont ai ni ng, 20 nonoureéti di one-contai ni ng

pol yi socyanat e conposition characterized by: i) an

i socyanate functionality of between _,. 2.8 and 6.5, i) a
free NCO content of 10%to 47% by meigﬁ?, 25 ii11) a viscosity of

| ess than 1000 cp, and iv) the presence of nonouretidione and
nonoal | ophanate groups in a nolar ratio of sai d nonouretidi one
groups to said nonoal | ophanat e groups of between about WO
96/ 09333 i ~ : : - /1 14288.

-41- compos:.ztol:oln 'ar‘f1 % ofu%rmlfn : asac}eds %ﬁ?%}%%@?% df %81a groups
bei ng a reacAPIiGRRANake and said ngnqurpidione tvcsaidte groups and a
pol yal cohol @olar isdeyanaiwlcdiipdditdiorgach 5 nmol ecul e of said

pol yal cohol and said pol yal cohol m xture contai ni ng between 2
and 20 carbon atonms and having a nol ecul ar wei ght- of between 62

and about 2500, 6. e proueald qfhariaiion G rEETEEer IBED ULt | di one- 10

cont ai ni p i a C Siti I ont ai ni ng: ). N0 greater
t han 0. 5% of @l%e‘fﬁee%ﬁl Sdr OUPS (ogig' m?@ﬁh%gswm?fg??ﬁégvﬁ ght of the
pol yi socyanats@ishqeugiasiidiion s deatotedn atfoand df6% basedagsqor at ed

pol yal cohol thebg;é/i?m HOYnh LY r}%t}%l.% 2&0{91%5% on the weight of
t he pol yi socyanat e conposéﬁ%giég} c:ean noun é#{ _

7. The process of claim 5 characterized in ‘
that said composition is free of organic solvent and

10 free of peroxide.

8. The process of claim 5 characterized in
that said composition contains urethane groups in a
ratio of monoallophanate groups to urethane groups
of greater than about 5:1.

15 : 9. A coating composition characterized by
containing: _ '
(A) an active hydrogen-containing component,
and '
(B) a liquid, monoallophanate-containing,
20 monouretidione-containing polyisocyanate composition
characterized by:
i) an isocyanate functionality of between
2.8 and 6.5,
ii) a free NCO content of 10% to 47% by weight,
25 iii) a wviscosity of less than 1000 cp, and
iv) the presence of monouretidione and
monoallophanate groups in a molar ratio of
said monouretidione groups to said
monoallophanate groups of between about

-
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fonoal | ophanate groups of between about 10% and about 70% based upon

the wei ght w§ ok hfis3 pol yi socyanat e conposition.
met hod of coatfng substract characterized by contactFﬁan#%QLus
substrate with the coating conposition of claim?9.

-41-

10

15

20

20:1 and about 1:5, said allophanate
groups being a reaction product of
uretidione or isocyanate groups and a
polyalcohol or a polyalcohol mixture, each
molecule of said polyalcochol and said
polyaléohol mixture containing between 2
and 20 carbon atoms and having a molecular
weight of between 62 and about 2500,
said monoallophanate-containing, monouretidione-
containing polyisocyanate composition also
containing: (a) no greater than 0.5% of urethane
groups (as NH-CO-0) based upon the weight of the
polyisocyanate composition, (b) a total amount of
incorporated polyalcohol of between about 2% and
about 22% based upon the weight of the
polyisocyanate composition, and (c) an amount of
monoallophanate groups of between about 10% and
about 70% based upon the weight of the
polyisocyanate composition.

10. A method of coating a substract
characterized by contacting the substrate with the
coating composition of claim 9.
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