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bodiimide catalyst Further tetramethylxylene diisocyanate

based polycarbodiimides are slower and less efficient
crosslinkers than isophorone diisocyanate or 4,4'-
dicyclohexylmethane diisocyanate based crosslinkers.

20 Aqueous polycarbodiimide dispersions obtained
from isophorone diisocyanate and from 4,4’ -
dicyclohexylmethane diisocyanate as described in US
5856014, US 5958516, US 6127029, US 6127477, are not sta-
ble. The carbodiimide amounts from commercial aqueous

25 polycarbodiimide products (Carbodilites from Nisshinbo In-
dustries) decrease in a stability test at 50° within 6
weeks to 15-70 % of the original value.

The object of the present inventien is to provide
a process in which the disadvantages mentioned above are

30 eliminated.

Description of the invention

According to the present invention there is pro-
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group and one or more amine functions is not effected dur-
20 ing or after the polycarbodiimide formation, but occurs
during or after the dispersion of the polycarbodiimide in
water. »
Surprisingly the stability of the polycarbodi-
imide dispersions was significantly increased at higher pH
25 values and the carbodiimide concentration was not de-
creased within 8 weeks at 50°C. Preferrably at the end of
the procesé the pH will be adjusted to a value betwéen 11
and 13.
Conventional carbodiimide catalysts as described
30 in EP 878496 may be used. Surprisingly, it appeared that
the reaction temperature and the reaction time could be
reduced when l-methylphospholene-l-oxide was used as cata-
lyst and for this reason this catalyst is preferred.
The polyisocyanate which is used to prepare the
35 polycarbodiimide is a conventional polyisocyanate and may
be toluene-2,4-diisocyanate, toluene-2,6- diisocyanate and
mixtures thereof, diphenylmethane-4,4-diisocyanate, 1,4-

phenylenediisocyanate, dicyclohexylmethane-4,4’-
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The polycarbodiimide dispersions of the invention
may be used as a crosslinker for carboxylic group contain-
ing resins in a conventional way: a coating mixture com-
prising the polycarbodiimide dispersion of the invention

30 and an agueous resin containing carboxylic acid functions,
is prepared. The material is cured by applying the coating
mixture to a substrate, for example leather or artificial
leather, and evaporating the water. Many additional ingre-
dients may be present, for example fillers, colorants,

35 pigments, silicons, surfactants and the like.

For several applications it is advantageous when
the distance between the carbodiimide functions-in the

molecule is increased. In this way the crosslinking is
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carbodllmlde formation with 4,4’ - dicyclohexylmethylene
diisocyanate (and isophorone diisocyanate) with 1-
methylphospholene-l-oxide as cafbodiimide catalyst takes
less extreme conditions than the procedure with the diiso-

25 cyanates described in US 5688875 and US 5859166.

Examples

Examples 1A-1F

The preparation of aqueous dispersions of polycarbodiimi-
30 des based on dicycldhexylmethane—4,4'—diisocyanate.

Under a nitrogen atmosphere 262 g of dicyclo-
hexylmethane-4, 4’ -diisocyanate (in the following indicated
as HMDI) and 4 g of l-methylphospholene-l-oxide were hea-
ted while stirring to 140°C and heating was continued un-

35 til an isocyanate content of 8.20 was obtained. Then the
mixture was cooled to 90-100°C. The reaction time was 8
hrs. Hydrophilic compounds were added as indicated in Ta-
ble 1. 0.01 weight % of dibutyl tin laureate was added as



acid functions - the products are solvent free and no

vo 20 latile organic vapours escape during the

spdosavizon - the carbodiimde formation wth 404/NL2004/000470

di cycl ohexyl net hyl ene diisocyanate (and isophorone

di i socyanate) with 1- met hyl phosphol ene- 1- oxi de as

carbodi i m de catal yst takes |esS extrene conditions

than the procedure with the diiso 25 cyanates

deS&r%@@élthUﬁhéﬁSB§a5o&@’d fUSc&f&@ShJaQ6 hykxapliEsic compounds

Exanpl es 1A- eparation of aqueoys I.si ons

of TS AT BT L0 Ret thadedosh Leacted 'SATIRLMS: o0-

dicy@@b@euytm&thheeN@Q4s;dna§oa¢am@EeIRﬂuﬁﬁcurum was disappe-

nltro n h 2 Lcyel h t -4 _
P Eochnaie Tracthe PARMBarng s nit ATt detip gnat com

Eanopaiulgdowa& aedhd| phiosphdl emeolf- seiadd iwer & imega- Tthel mixtures

Wm 'ﬁét&éawa LQuh4RG @edeﬁeét =A9 \a@%g%q@éd]%ﬁ ter of 60-

an | socyanate_ content of s obt ai ned

The@St%eWhhiQt he fasidsopmaung yéﬁl@@@HSﬂ%@-ﬂéaéﬁiom In the

ti ne; Nase8 EﬁéﬁpléNQFOEHé|hﬁlﬁéﬁﬁgﬂﬁﬁicwﬁﬂﬁ<ﬁ&kﬁﬂhdﬁ5was added
i ndi cated in Ta- ht o of di but tin

ble 1.
Iautr%awée\Aﬂésﬁaaéaoasa@\beﬁﬁeg\ﬁgog.§§4the mixture was stirred
1PCTHMN 20044 0004%0156 a galatysh whiea bydeoxy water as presen-

funct i onal rophilic ounds re ed a
i A oLt WBFRLT cBovaR PO Es LohRes BHCV g i {ite The sam-
P«Ibkn@naérenshh&etﬁbdpéotauatab$ldtgampet arted0°lh Every 2
c 0
poun 53%%%%%%?15}; &E aﬁ?h?gagtggo%h%%@éedc "Ph% products
m Maresstyete tovl et Heamttd BQEBSCaén@Odﬁspersed in
14vater of 60- 65C while the solids ambunt was adjusted
to 35 % In the case of ExaqPIe 1F the am ne
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M-PEG-350 158.67 triethanolamine
1C M-PEG-350 : 158.67 ammonia
1D M-PEG-350 + DMEA ® 79.33 +20.17 sodium hydroxide
1E M-PEG-350 + methoxyethylamine 119.00 + 8.50 sodium hydroxide
1F M-PEG-350 + Na-taurine 79.33 + 33.32 sodium hydroxide

a) M-PEG-350 is a polyethoxy ethanol with a mean molecu-
20 lar weight of 350
b) DMEA is N-dimethylethanolamine

c) Na-taurine is sodium 2-aminoethylsulfonate

Examples 2A-2G

25 The preparation of agqueous dispefsions of polycarbodiimi-
des based on HMDI.
The examples of example 1 A-1F were repeated with
the exception that the water was replaced by a 0.01 M di-
sodiumphosphate buffer solution. The samples were subjec-
30 ted to a stability test at 50°C. Every 2 weeks the carbo-
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Example 4
15 The preparation of an aqueous dispersion of a po-

lycarbodiimide based on HMDI.
Under a nitrogen atmosphere 262 g of HMDI and 4 g of 1-
methylphospholene-l1-oxide were heated while stirring to
140°C and heating was continued until an isocyanate con-

20 tent of 14.26 was obtained and the mixture was cooled to
90°C. Polyols were added as presented in Table II plus
0.01 weight % of dibutyl tin laureate. Stirring was conti-
nued for 30 min at 90°C and 147 g of M-PEG-350 was added.
Stirring was continued at 90°C till no NCO-signal was ob-

25 served in the IR-spectrum. The mixtures were cooled down
to 60-65°C and dispersed in water of 60-65°C while the so-
lids amount was adjusted to 40 %. A 10 % solution of NaOH
in water was added until the pH was 11. The sample was
subjected to the stability test as mentioned above. The

30 products were stable for at least 8 weeks at 50°C.

Table li
no polyol weight amount of the spacer (g)
4A ethyleneglycol | 12.4
4B | 1,6-hexanediol 236
4C triethyleneglycol 30.0
4D | PPG-425% 85.0
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gnd/or hydr /éPnﬁ$898§ydEﬁheglgﬁsaﬁhgﬁnbh%rpgkier the poly-
carbodllm ormation - "dispersion of thé resulting

conpound |rﬂ@m@¢llm%ﬁér EPAMERECBH i s adjusted to a

val ue betm@?ﬁs@eﬁ@ﬁonléfbihéhﬁeéﬁgtﬁh?nc@ﬁp@uﬁ@Sdn water,
and/or a buffer to the 15 wa er us

di sper si ¥hedifd/ bt Rhel Hnt aﬁ‘&e‘i‘)u%afue between 9 and
di spersi qn. t@qdf)fa(t!‘d?ﬁﬁlc&ﬁ:(:@f@ﬂgaﬁ@ sghd@ior la buffer to the

eractoiied, (B ek S ASLILIZIANO, L/ AP the ovcained
hydr ophylalqmegjmpimpbmeormr nore ani ne
2. A process according to claim 1, characterised
in that éaid terminating or chain extending with the com-
pound containing a hydrophylic group and one or more amine

20 functions is occurs during or after the dispersion of the
polycarbodiimide in water. »

3. A process according to claims 1 and 2, charac-
terised in that the pH of the polycarbodiimide dispersions
is adjusted to a value between 11 and 13.

25 4. A process according to claims 1 - 3, character-
ised in that said carbodiimide-forming catalyst is 1-
methylphospholene-1l-oxide.

5. A process according to claims 1-4 in which the
polyisocyanate which is used to prepare the polycarbodi-

30 imide is toluene-2,4- diisocyanate, toluene-2,6- diisocya-
nate and mixtures thereof, diphenylmethane-4,4'-
diisocyanate, 1, 4-phenylenediisocyanate, dicyclohexyl-
methane-4, 4’ diisocyanate, 3-isocyanatomethyl-3,5, 5-
trimethylcyclohexylisocyanate, 1, 6-hexyldiisocyanate, 1,4-

35 cyclohexyldiisocyanate , norbonyldiisocyanate, or a mix-



20 functions is occurs during or after the dispersion

of the polycarbodiimde in water. 3. A process

AR 3v030pg0¢ o clainms 1 and 2, charac- terised i n RGWBINL2004/000470
the pH of the polycarbodiimde dispersions is

adjusted to a val ue between 11 and 13. 25 4. A

process according to clains 1 - ¥ character- ised in

that said carbodiimde-formng catalyst is 1-

nmet hykphtsplrelogne- 1- oxi de. 5. A process according to

clainms 1-4 stwﬂlgbokees eebx&399§a@%t%1ﬂhn&b1!8 u?ﬁ*kharacter—

to prepare the polycarbodi - imde is tol uene-2,
di i seegdannt éhaftolt@@néwzlye-sqmaé@éﬁ Jrfat@%mlmgmhe@thane—

t hegeqf . qdii Rheywngihane- 4, 4' - diisocyanate, 1,
4- phenylenedllggCéanate dlcyclohex | - nethane- 4, 4

i | socyanat e, bRGEAStL BREPRYIRY, 5osclaims 1 -6, character-
tri petlyl sy ehakexyliics eeysanatse anl B-hexy lHdid soeyddat €ch as

or b RO 9B 6326 BT RaBORPODA RS & T ran fydzoxide,

theoeoé t6iaAkplacdse,aceorditng aldydlaaiing: lcontyining hydroxy
cha S§£ﬁ ised in that the polyisocyanate is
di cyc xyFnethane 4, 4'-diisocyanate. 5 7. A

1@rocess accoﬁdlhgpr@ceﬁalﬁ@CQrdleg tharcaetms- li sed,i character-

sé&'ﬁ b@ﬁﬁt'%aﬁ@ g%%%lbrh¥grQX¥Qe§%fH1ﬂg%e is incorpo-

I|t I um hydr oxyde, i um h pot assi um
hy d¥d%¢deln §heappﬂw§|al€1y”)p§1mlﬁ@deo|ch@m|bal IGAraie the poly-

con&@tx@baglmxaéOéﬁalhuwqttlm%sdléci@lén%%qﬁ@l ~amine or alco-
accordin char act éer - |sed in that

salﬁo%as%HG?oﬁaPV GPeséﬁﬁlﬁéQQ PL Ocdio3 regwEdapnts re-

1% he%@ﬂdi_yﬁ@g bedihai delsﬁayagbyleﬁafmpengetr:maqul Vamine containing
carbo e c with a dia ami_noa
ool S8 8P oy a8y PengCadit: Phn S0F 0.5 %0 Fplycarbodiimide
equivahantsencre 15 garding to the diisocyanate of a
Lertiary am ge 90 Ghol00achiPho CLoPBLXFAENE U5, Mharacter-

or after the p odiimd
ised in that the effectlve pH range of the buffer is be-

20 tween 9 and 14.

10. A process according to claims 1 - 9, charac-
terised in that said compound containing a hydrophilic
group and one or more amine and/or hydroxy functions is a
polyethoxy mono- or diol, a polyethoxy/polypropoxy mono-

25 or diol, a polyethoxy mono- or diamine, a polyeth-
oxy/polypropoxy mono- or diamine, a diol or diamine with a
polyalkoxy side chain, an hydroxy- or amine alkylsul-
fonate, or a dialkylaminoalkyl- alcohol or amine, oxr a
mixture thereof.

30 11. A process according to claims 1 - 10, charac-
terised in that 0.01-0.30 equivalents of a mono- or polyol
or a mono- or polyamine regarding to the polyisocyanate
are added in addition before, during or after the polycar-
bodiimide formation, which polyol or polyamine is for ex-

35 ample a mono- or polyhydroxy-alkane, a polyether mono- or
polyol, a polyester polyol, a polycarbonate polyol, a
polycaprolactam polyol, a mono~ or polyamino-alkane, a

polyether mono- or polyamine.



formation. 9. A process according to clains 1 - 8,

character- ised in that the effective pH range of the

Bl $087/09330hbe- 20 tween 9 and 14. 10. A process PCT/NL2004/000470
according to clainms 1 - 9, charac- terised in that

sai d compound containing a hydrophilic group and one

or nore am ne and/or hydroxy functions is a

pol yet hoxy 0-,0 et hoxy/ poly ro oxy

mono 25 or gqgl A Eggkgkghoxy%ﬁéﬁb- 8%”P & polycarbodi-
pol yB8iHe 6X§pp@sypn§p@marmw agrcaticimae; o &:Ihirhs or-11 as

di ap} I | dy Qnﬁ| ydr ox
anlneaifwaﬁgtﬁg Qgg%ﬁaggéygila%ﬁl Ié%?ﬁgéf %ﬁganlng carbox-
al cbhbf dFl@nfHBCtHPDG- ni xture thereof 30 11. A

process accondi ngut&dChat8sill r r _
in that 0.01-0. 3? gﬂglvalen%s ooggaﬁgﬁg-% %%%Jﬁ%é the coat
y

or H'dhbEtare pg AE ﬂ@géPdPnéupéqﬂﬂier and ‘evaporating
pol yhsocyaamat e are added in addition before, during
or after the polycar- bodiimde formation, which

pol yol or polyamne is for ex 35 anple a nono- or

pol yhydr oxy- al kane, a pol yet her nono- or polyol, a
pol yester polyol, a polycarbonate polyol, a

pol ycaprol act am pol yol, a nono- or pol yam no-al kane,
a polyether nono- or polyam ne. WO 2005/003204 10
PCT/ NL2004/ 000470 12. A coating m xture conprising

t he pol ycarbodi - im de di spersions obtained according
to clainms 1-11 as crosslinking agent and an aqueous
resin containing carbox- ylic acid functions. 5 - 13.
Cured material obtained by applying the coat- ing

m xture of claim12 to a substrate, and evaporating

t he water.



