1 Process for the preparation of dispersions of
cross-linking agents in water Polycarbodiimdes are
wel I known cross-1inking agents for aqueous polyners
contai ning carboxylic acid functions. A review of the
devel opnent of the preparation and the application of
pol ycarbodiimdes is described in WO 5 2005/ 003204.
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Description of the invention

25 According to the present invention there is provided a proc-
ess for the preparation of stable aqueocus polycarbodiimide
dispersions to be used as cross-linking agents, characterized
by: _

- reacting a polyisocyanate at 120 - 180 °C in the presence

30 of 0.5-5 % of a carbodiimide catalyst, to form an isocya-

nate functional polycarbodiimide, with a mean value of 1-10
carbodiimide functions and which contains 5-30 % by weight
of a mono- or polyisocyanate with a hydrophobic group and
which mone- or polyisocyanate contributes to the formation

35 “of the isocyanate functional polycarbodiimide, and in which



bon atons, a fluorinated hydrocarbon, a silicone
functional hydrocarbon or a polysilicone, -

term nating and/or chain extending the isocyanate func

5 tional polycarbodiimde chain by the addition of 0.1

to 1.0 equivalent, with respect to the isocyanate
functions, of a conpound containing a hydrophilic

group and one or nore anjne and/or hydroxy functlons
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30 ethylpyrrolydinone, dipropyleneglycol dimethylether, diethyl-
eneglycol dimethylether, methoxypropyl acetate. For environ-
mental reascns it is preferred that the dispersion contains
no organic solvent at all.

When the hydrophobic group of the mono- or diisocya-

35 nate, or of the compound containing one or more amine and/or

‘ hydroxy functions is a hydrocarbon, this compound contains
preferably 6 tot 20 carbon atoms,

The capping of the isocyanate functicnal polycar-
bodiimide chain with a hydroxy functional compound occurs at

40 conventional conditions at a temperature between 50 and 120



3 C and optionally a conventional catalyst such as an

organic tin, alumnium bisnuth, zirconium zinc, or

ni ckel conpound or conplex and/or a tertiary am ne

functional conpound. The capping with an am ne
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used. Further, the am ne functional conpound may be
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the dried fllm or coating is less sensitive to water.
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A further advantage is that after application of the polycar-
30 bodiimide as cross=linking agent in polyurethanes, the ob-

tained film or cocating is more solvent-resistant and behaves

better in a wet-rubbing test. Finally, a higher cross-linking

density is obtained.

A hydrophobic group in the polycarbodiimide, which contains
35 fluorinated hydrocarbons, contributes to an anti-soiling

effect and to a more hydrophobic character of the cross-

linked film or coating.

A hydrophobic group in de polycarbodiimide, which contains

silicone functions, contributes to a better flow-behaviour of



silicone functions, contributes to a better

f1 ow behavi our of 4 the application mxture, to a
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30 A further option is that the mono-isocyanate and/or
polyisccyanate is the adduct of a polylsocyanate and a hy- ‘
droxy- or amine functional silicone , an hydroxyalkyl- or an
amino-alkyl functional silicone .

Termination or chain extension of the isocyanéte—functional

35 carbodiimide with the compound containing an hydrophilic
group and one or more amine and/or hydroxy functions and with
the compound containing one or more amine and/or hydroxy
functions and no hydrophilic groups, can be executed during
the formation of the polycarbodiimide at 120-180 °C, after



functions and no hydrophilic groups, can be executed
during the formation of the polycarbodiimde at
120-180 C, after 5 the formation of the

pol ycarbodiim de at 0-120 C, or after the dispersion
in water at 0-60 C. The pH of the pol ycarbodiim de

di spersion is pref- erably adjusted between 11 and 13
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As alternative for the base a buffer may be used to

30 adjust the pH-value to the desired value and to keep it at
that level. Buffers which are effective in the pH range be-
tween 9 and 14 are convenient for that purpcse. Examples are

a phosphate, carbonate, tris{hydroxymethyl)-aminomethane-
buffer or an amino-alkylsulfonic acid buffer.

35 The compound containing an hydrophilic group and one
or more amine and/or hydroxy functions is a polyethoxy mono-
or diol, a polyethoxy/polypropoxy mono- or diol, a polyethoxy
mono— or diamine, a polyethoxy/polypropoxy mono- or diamine,
a dicl or diamine containing a pendant polyalkoxy chain, an

40 hydroxy- or amine alkylsulfonate, or a dialkylamino-alkyl-



or diol, a polyethoxy/polypropoxy nono- or diol, a
pol yet hoxy nobno- or diamne, a polyethoxy/polypropoxy
nmono- or diamine, a diol or diamne containing a
pendant pol yal koxy chain, an 40 hydroxy- or am ne
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Finally the invention extends to the cured material
which is obtained by applying the coating mixture to a sub-

30 strate and evaporation of the water and, if present, the
solvent.,

Suitable substrates are for example: leather, arti-
ficial leather, plastics such as polyurethanes, polyac-
rylates, polyethylene, polypropylene, PVC or polyester, pa-

35 per, paper board, textile, non-woven, cloth, foam, wood,
glass, metal. The present invention is further illustrated by
the following examples to which the invention is however not
limited. It goes without saying that numerous other embodi-
ments are possible, all within the protective scope of the

40 present invention.



35 per, paper board, textile, non-woven, cloth, foam
wood, glass, netal. The present invention is further
illustrated by the followi ng exanples to which the
invention is however not Ilimted. It goes wthout
sayi ng that nunmerous other enbodi- nents are possible,
all within the protective scopg of the 40 present
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O'IL C‘ya 0ll¥n HFohelggseg e ?11crYC]2 >,9y el%é%lé?a{]fg;te (in
theﬁ‘Jf-‘tcﬂolcﬁ\’?}‘611“”?’@3 |aﬁé| @‘é’ﬂta@@caélsqimn?teoct adecyl i socyanat e
(au n the foldmawirng hitdiogahedimsphoRt G miasutad Catiedeidhex-

g&%ﬁl&’%haﬁlgdll 24 gv\gif,c}cy%%%llgglg %BQOJ&? g:w:!m Xil@@lé&%%& as

e’stir- ren t1 ng was

coHfl‘f%ﬁedo%ltrﬁqelcyéhs‘?%yé‘é‘%ﬁaﬂJe“ doht g?ﬁ 10%80?@?%@*8 as
t abbECA, was iohtiabnhed.inflrehlt e rindt Bire ofad~ cooled to

90- ﬂéﬁ%y@bh&gﬂ%oﬁgﬁgtiJHkﬂﬂ%nﬁeY@“%egtBBStoIiﬂ@r@éVWhlle stir-
uncti onal conpounds wer e S. I ndicated |

YA, =Y PR 95EAP %%%lﬁﬁ’f‘tx}xﬁge‘gdﬁltﬂrﬁal%ﬁ WOFHE‘P%%%&@PL?%*C
t heaf-r@@“@lyasmaioe t3B51¢ UhotisonbtDinngt yIhen theani sbhtee ivAsan
amotbti eaf 0. Dl 19wbyc. WwaleghtaofioNasiadded @ShEQI &iy)ﬁ&bxyl

andf!{nll%ﬁ%ﬁ(f lgo% &§ Je?:%ci(agged fa%r !L{;'ca{caac I‘ umOEh e A, and

e |socy e si gna Spec

di sdppéared, awwéhww@uaﬁab%r ?lﬁhsmf’rﬁ’?qthéoc"a%% lSBFYanate
1Exanpleeidd. ttheudyiet hy llwethanel ananeamastadded. @f tiebyl

26 W @k Eeastd QBdééirB% cElEgl B(ta%ﬁe§hé1\ﬁﬁ1§<t999£e\perteoreacted

rs er i]e the
sol Lafsthsﬁoﬁwq\é@g S retaathe 158 yoT F bt ghe TR-
Examslcg re2 kvl di8appdrecalm nkich tocki amalt dohpdunh was case
added Etxﬁmbﬂ,e i %ﬂ@r§in€§th@rﬁtigf}g>ﬁ{od|§mt1ﬁ@duaishﬁdmadtdﬂt%r 1 hr
I 0. SOl utl

L s e S T
masdlf@efzedvﬁb@aﬁf)l@fs GRefé stbj*détedtho Sé?léfiabwq‘w was

t eddjatste80C.35E8er yn 2 naecekse tdie Eganpbdiliznade ampume amine
Waskaﬁle%gqugl cB'ngouR& oduct §quer& shabhesfasiah Least,a8as
weeks at 50 C c 0) 0S U

o

and the mixture was’stirred for 10 min. A 10 % solution of

25 sodium hydroxide was added as shown in Table A until the pH
was 11-12. The sanmples were subjected to a stability test at
50 °C. Every 2 weeks the carbediimide amount was checked. The

products were stable for at least 8 weeks at 50 °C.
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Examples 14-16: Comparative Examples: The preparation of

agueous dispersions of polycarbodiimides, based on dicyclo-
hexylmethane-4,4" -diisocyanate.

Polycarbodiimide dispersions based on dicyclohexyl-
methane-4, 4’ -diisocyanate and capped with PEG-350 (a polyeth-
oxyethanol with a mean molecular weight of 350), as presented
in Table B, were prepared according to the method described
in WO 2005/003204. These polycarbodiimides contain no addi-
tional hydrophobic¢ group. The polyethoxy compounds which are
used in these comparative examples have a lower molecular
weight than those used in the examples 1-13 to prevent that
the final products will contain too much hydrophilic mate-
rial.

At comparing the viscosities in Examples 14, 15 and
16 with the wviscosities in Examples 1, 2 en 3, and in Exam-
ples 5 and 6, it appeared that the viscosities in Examples 1,
2 and 3 and in BExamples 5 and 6 are much lower than the vis-
cosities of Examples 14, 15 and 16, while a similar theoreti-
cal amount of carbodiimide functions is present in the poly~

mer.

Examples 17-29: The preparation of aqueous dispersions of

polycarbodiimides, based on HMDI.

The methed of the Examples 1 -~ 13 was repeated, with
the exception that the water was replaced by a solution of a
0.01 M disodium phosphate buffer. Samples were subiected to a
stability test at 50 °C. Every 2 weeks the carbodiimide
amount was checked. The products were stable for at least 8
weeks at 50 °C.

Example 30: Testing of the products of Examples 1, 2, 3,
4, 5, 6, 7 as cross-linking agents in a polyurethane disper-
sion, with the products of Example 14 and i5 as comparative
examples.

6 % of the dispersions of Examples 1, 2, 3, 4, 5, 6,
7 and 14 and 15 were mixed with RU-5509 (a polyurethane dis-
persion of Stahl Europe).

Each dispersion was, with a thickness of 50 pum,
sprayed on a piece of leather, while the piece of leather was
pre-treated with RU-3952 (a basecoat of Stahl Europe) and the
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products of Exanples 1, 2, Bp1dc 5, 6, 7 as
cross{I1nkin ”g ﬁt 'égef'f‘t pol V[ﬁ&rgo ga% JLSReLs Sk Uhe

wi th the produ anpl e as conparatlve

of Example
of RU~5509 and the cross-
linking agent
Less than 1000
More than 1000
More than 1000
More than 1000
More than 1000
More than 1000
More than 1000
14 Less than 1000
15 Less than 1000

-~y s N

20
Example 31 Testing of the products of Examples 1, 2, 3, 4,
5, 6, 7 as cross-linking agent in a polyurethane dispersion,
with the products of Examples 14 and 15 as comparative Exam-
ples.

25 Six % of the dispersions of Examples 1, 2, 3, 4, 5,
6, 7 and 14 and 15 were mixed with RU-3901 (a polyurethane
dispersion of Stahl Europe).



exanples. 35 6 % of the dispersions of Exanples 1, 2,

3, 4, 5, 6, 7 and 14 and 15 were m xed with RU 5509

(a pol yurethane dis- persion of Stahl Europe). Each

di spersion was, with a thickness of 50 pm sprayed on
~a piece of |leather, while the piece of |eather was 40

pre-treated with RU- 3952 (a basecoat of Stahl Europe)

and the 11 sprayed |leather was dried for 3 m n at 80

C in an ov&ACh Hfmsrasonfvashevtdatednt ekitdisr chet@ Hm
~-Subpetiet] dnoaastiawet ofr gbdrang abestiie wickihed dMeslsi gheet was

appRaL 8 Uy hnaldis tesh @érefﬁp%%étgf-e Ar@athes @e1ribhedgo

MALE aSsn%%I glece of .wet_felt under .a 5 gressuretof 1-

500%¢. SHRES RAcH 25616F FuBbIAGS, SWHEFFeR %odl Sthsme
A000takheestic f Bcetlofs thet milbbed deatried asd cleégked Fidm

dapRgesundz@baPafitd Ghadho APy §ahb@NSinkhen&PateNgnMsSlse of

reach a_. m ni of .,1000 r ubbi ngs w t hout being
da %Seﬁ?lg%ceogg&? tf§%mofst el%rf“g%?warel presented in
Tabl e C. 16uTheetedlibt BeGharTgbl eoOPshiches Hatd wbe ectdngn -
10@0of ubbiungs £ 1 Whd Reut ﬂ@dmg%dgf)i’@h%nf Mirsn ©fnelRyy S5O appa-
n r - r.e ) d.i
LGN EaPuf] OB LLOMRs Hoonfehel hAL Wiskhedd an Taiig
pol yner isThBreeH&s ahdhdrpr Fhe sd@eerbiplipg with the
copposstiioniod ddmntcoosBxdnpliisng, pol Boen, conteaiand atis
| e?%&oﬁbékst%?ng%éﬁh %ﬁbggﬁoéyllénEP¢?2$§QQEO%F Examples 14 and
pol yi socyanat e i ch contalns rophobi c gr .
AN UG Py FEBRARATE" dbNEPPORIE 60 7T Ho Flof Aat T oA
1f whheb i soryatated fapeot tlondlilpol yderibodb e tdded Fablly the
C Copss-idilkingnagent Dunder nof tMetrinus ofimd@onofn etha-
Exanpl e filmof RU-5509 and the cross- l|inking agent 1
Less"than 1000 2 More than 1000 3 Mre than 1000 4

More than 1000 5 More than 1000 6 Mre than 1000 7
More than 1000 14 Less thamsii@00 15 Less than 1000

Cross-linking | Mechanical properties (MPa) Weight
agent of Exam- Increase
ple {%)
M-100 | M- M- M- Elonga-
200 | 300 }400 |tion™
1 3.95 6.20 10.0 17.8 460 190
2 5.0 7.85% 13.2 -~ 370 170
3 5.20 8.15 14.0 -- 350 155
4 5.40 8.65 15.4 -~ 370 155
5 5.00 —- - - 190 160
6 5.25 8.25 13.8 -- 310 160
7 5.15 8.05 -- - 240 160
14 4.10 6.10 9.3 15.9 440 200
15 4.40 7.1 - -- 290 190

20
a) MPa is megapascal (10° Nm ™). The mechanical properties
were measured on an MTS Synergy 200 apparatus. M-100, M-
200, M-300 and M-400 are elastic stress values of the
films when they are stretched at 100%, 200%, 300% and
25 400%, respectively.



20 Exanple 31 Testing of the products of Exanples 1,
2, 3, 4, 5, 6, 7 as cross-linking agent in a
pol yur et hane di spersion, wth the products of
Exanpl es 14 and 15 as conparative Exam ples. 25 Six %
of the dispersions of Exanples 1, 2, 3, 4, 5, 6, 7
and 14 and 15 were m xed wi th3RU- 3901 (a pol yurethane
di spersion of Stahl Europe). 12 Each di spersion was,
withh Taet alewaEsen ofs 200 %ﬁ%lmﬁépPﬂ@%B%ﬁ+°ﬂ aheldte gpment

- gl asshaanthe Heleastatksgl asssighRaebn was MTAr £ etefgar 200 daypa-
at rQgm,f enperature and then for 1 hr at 80 C.

nples of the dried fil mwere subjected to an ethano

S‘UpFER%h§é§¥me??Pt%ﬁ §h?e%?rﬁﬁ“§€%§ of "GiPBRY higease of
5wei ghieéd filmmwhaneit niveisedriant oneth@naell.for 1 hour and
then the increase of the weight of the filmis
determ ned. Further, the nechanical properties and the
el onga- tion of the filns were neasured with an MIS
Synergy 200 appa- 10 ratus..The results of the tests
are presented in Table D. The results show that the
cross-linking with the cross-1linking agent of
Exanples 1, 2, 3, 4, 5, 6 and 7 is stronger than with
the cross-linking agent of Exanples 14 and 15, which
is denonstrated by the higher stress in the film 15
whi ch is produced when the filmis being stretched and
by the |ower weight increase caused by the filnms
imersion in etha- nol. Table D Cross-Iinking
Mechani cal properties (MPa)a3 Wi ght agent of Exam
Increase ple (%9 M100 M MM El onga- 200 300 400
tionb) 1 3.95 6.20 10.0 1.7.8 460 190 2 5.05 7.85
13.2 -- 370 170 3 5.20 8.15 14.0 -- 350 155 4 5.40

- 8.65 15.4 -- 370 155 5 5.00 -- -- -- 190 160 6 5.25
8.25 13.8 -- 310 160 7 5.15 8.05 -- -- 240 160



14 4.10 6.10 9.3 15.9 440 200 15 4.40 7.1 -- -- 290
190 20 a) MPa is negapascal (106 Nm2). The

nmechani cal properties were nmeasured on an MIS Synergy
200 apparatus. M 100, M 200, M 300 and M 400 are

el astic stress values of the filnms when they are
stretched at 100% 200% 300% and 25 400%

respectively. 13 b) The elongation is the maxi mal

el ongation at the nonent t'lat the film breaks,

measured on an MIS Synergy.200 appa- ratus. c) Weight
increase i s the percenta wei ght increase of 5

fhe fi Amomeferthéprép&aﬁoﬂm&qqqeéus9@1§)@fuahiimi&éldisp@siamsr@be used
1. A process for the preparation of stable aqueous
paross-Ankimgdgdnicopddisgper si ons to be used as
cross-linking agent, conprising: - reacting a

polsactinge pelyimtenagrdd 536 byorsightwen roimp-isofyasate with a hydrophobic group
nono-i socyanate wi th a hydrophobic grou

¢ 1, .o a
poRLA Potyisgexate eithantardiignal Sydprhplaapup B /dP-3h 61 the Rysigp ota0-5-5
12Q0- 180 C in the presence, of .5-5. 00 -
o ar b arrm e SRR fYspie Bctodyegithpdimide witamean
fu . . I . _ ]
| O P AR R LA M e R Y Fllat
g1 esirdisy 425N EEPSHLPMuoriFARESEafben, 4 sHieons Rh&tRRal &Y @BErbon
a fluorinated hydrocarbon, a silicone functiona
hy df ®palydileon, or a pol ysilicon, - term nating and/or
chai n extending the isocyanate functional _
pokeyroiaating aidionthdin extarding theyisocyasate Binkdional pelycabodimidetchain byghe
equi valent, with res€ect to the isocyanate functions,

of addlition Rifblipd:0 cgubtieat Wilhigsnactis o BsHnR &ingiont Bl afamPRRE
LR R TR W

I SQ . e
R o L S G T

a Byl DbiGn@é 8HiRe andloPhydtixG BinktldBs AWM SptRRLIQ R hGdrehebiPgroup,
i s a hydrocarbon containing 4-25 carbon atons, a

f | ipwhichakehgldroghabib goup ifa Bididcabineoftalniog 4-2hwaibohyten & Auddiadatecd
or a polysilicon, - dispersion of the resulting

¢ o pauleaneckilicpneviisticional hydrogadpensariamglysitieorpH of t he f or ned

di spersion to 9-14 by the addition of a base or a
bufliersysiongf the gpsefing capp@ind featell. spersion in water. 2 A

D e DE BT Db P aReuspud 2 SRS 18 5rpe B wifhring o
an, or.ga %%mﬁﬁhﬂﬁﬂ%n“h'Ch i's non-reactive towards the

pochar I'tmde and preferably contains no organic

50l Venj progss dBedliRSs SIfimAIC Ak sbteniBedti® 1tk SidBolycaBsliigide dispersion
characterized in that the hydrophobic group of the
Eontins 05 Y6l ay dighfio s vaich is mofi-readtive thevadotiip palvuarbodiimide and
cont ai ni ng one or nore am ne and/ or

preferably contains no organic solvent.

3 A process according to claim | and 2, characterized in that the hydrophobic group of
the mono- or polydiiso-cyanate, or of the compound containing one or more amine and/or

hydroxy functions is a hydrocarbon which contains 6 tot 20 carbon atoms.



hydroxy functions is a hydrocarbon which contains 6

tot 20 carbon atons. 15 4. A process according to
claiml - 3, character ized in that the

nono- i socyanate contai ning a hydrophobic group is an

i socyanate containing a |inear or branched al kyl,

al kyl ene, al kyl -aryl or al kyl éne-afyl group mﬁth 4 25
car bon process .accor

4, characteilggdpr?Q$SFh3?C?Wﬂ%“ﬁoh dJ§‘olgyinat Hatacter-
contzaEdniingtlee thyte oplrabiicogyoupra sontmirdinkyh - hydrophobic

fycdﬁy%bKYé aﬂiﬁﬁbcyéﬂ4%$ c@ﬁﬁglnﬁﬂé QrYiﬁ%aK¥bff$¥Hhched alkyl,
i 0 i soc nd is ut vl i socyanat
her LR e e el Set otk Clrnraaaph aroup vi P A28 Etpon

@ndﬁ@yﬁlsocyanate dodecyl i so- cyanate,
hexadecyl i . s0s8ypRadc:s Q6EREABGY i §0@Na3d?ratler £y nabgXterizea

yll%P%%?qumSmBhen¥§k%%%¥%Q%&%ﬁﬁgggxlis roghé%ic group is
3, @rbua koltssyganatiolongEyl 1-4dénly eyl GlerEnkalkgl punc-
pr aciessl ateaivdnage f ;e abntdr Ex3mpnbangiynikbeyarkie, hex-
1@%15%99&/:@5@ € ang { %foceghé(ﬁegO%ﬂ@%ﬁéo%ygg&éd%%c?f1so—

ol ylso anate an droxy- or  amnée functional
corfg' AGS etxﬁ‘ SCYJrJrFé’é’ﬁ’aB?t%r :%ﬁsa%%mcyaa?w &ygLonex-
al kyllisarydnadre, ahkytlemecgaydteayr copy W sdrydnade c-beptyl-

at oy7E- sz(ﬁ:@b@9§§§tcﬁ%ﬁ!’l¢l%é R yeLadMnkxand., 2,
CharaCter_ g ﬁlzgngs aCCor Jl gDnC%ISO yangtvﬂmw61n the
contai ni ng & Ay@FopHbie~°groldp 'socyanat'e

1%orﬁrtoaqomtﬁ@cxmﬁlaapkwd/oafnpaitkwcmﬁf@nahﬁ ispltiy| addydt OF &
al lpdigheoaraHatgr enp aMhivebogpntal Bside Sthirfkional iddgpound

at Qe §. 1ﬁ1e%r°8§3k§ a%%%%déﬂ%rltoa%?iéﬂel agk?f]—darzﬂl or
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the mono~isocyanate and/or polyisocyanate is the adduct of a
30 polyisocyanate and a hydroxy- or amino functional compound
with an alkyl, an alkylene, an alkyl-aryl or an alkylene-aryl
group containing 1-50 fluorine atoms.
10. A process according to c¢laim 1 and 2, wherein
the mono-iscocyanate and/cr polyisocyanate is the adduct of a
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11. A process according to claim 1 and 2, charac-
terized in that the termination or chain extension of the
isocyanate functional carbodiimide with the compound contain-
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17. A process according to claims 1 and 16, charac~
30 terized in that said base, or part of it, is incorporated in
the polycarbodiimide chain by capping the polycarbodiimide
chain with a dialkylamino-alkylamine or alcohol, and/or by
the addition of 0.01 to 0.3 equivalents, with respect to the
polyisccyanate, of a tertiary amine containing polyecl cor
35 polyamine during or after the formation of the polycarbodi-
imide,
18. A process according to cilaims 1 - 15, character-

ized in that the effective pH range of the buffer is between
% and 14.
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22. A coating mixture comprising the polycarbodi-

25 imide dispersion according to claims 1-21 as cross-linking
agent and a polymer dispersed in water, which polymer con-
tains carboxylic acid functions and which may contain a sol-
vent.

23. Cured material obtained by applying the coating

30 mixture of claim 22 on a substrate, and evaporating the water

and, if present, the solvent.



