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| SOCYANATES OF LOW COLOR NUMBER CONTAI NI NG CARBODI | M DE AND/ OR URETONI M NE
GROUPS 5 BACKGROUND OF THE I NVENTI ON The invention relates to a process for
the preparation of |iquid, storage- stable isocyanate m xtures exhibiting a
| ow col or nunber and containing carbodiimde (CD) and/or uretonimne (Ul)
groups. This 10 invention also relates to the isocyanate m xtures obtai ned
by this process, to their use for the¢-preparation of blends w th other

I socyanates, for the preparation of prepolynmers containing isocyanate
groups, and for t he preparation of pol yurethane pI astics preferably
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10 invention also relates to the isocyanate mixtures obtained by this

process, to their use for the preparation of blends with other
isocyanates, for the preparation of prepolymers containing isocyanate
groups, and for the preparation of polyurethane plastics, preferably
polyurethane foams.
15
Isocyanate mixtures containing CD and/or Ul groups can be prepared
in a simple manner using the highly active catalysts from the
phospholine series, in particular catalysts of the phospholine oxide
series. Suitable processes are known and described in U.S. Patent
20 2,853,473, EP-A-515 933 and U.S. Patent 6,120,699.

The high catalytic activity of the phospholine catalysts, particularly the
phospholine oxide catalysts, is on the one hand desirable in order to
start up the carbodiimidization reaction under gentle temperature

25 conditions. However, on the other hand, no process is known to date
which ensures the effective termination of the phospholine catalysis or
phospholine oxide catalysis without limitation. The carbodiimidized
isocyanates tend to after-react, i.e. they release gas as a result of of
CO,-formation. This then leads to a build up of pressure in, for

30 example, the storage tanks, especially when the temperature rises.



CO2-formation. This then leads to a build up of pressure in, for 30 exanple,
the storage tanks, especially when the tenperature rises. -2- There have
been nunerous attenpts to discover an effective nmeans to termnate the
phosphol ine catalysis. Suitable term nators are nentioned in, e.g., the

pat ent specifications EP-A-515 933, EP-A-609 698 and U. S. Patent 6,120, 699.
These include, e.g., acids, acid 5 chlorides, chloroformates and silyl ated
acids. Term nation of the catalyst wi2h acids, which can, for exanple, also
be in the formof acid chlorides, is not sufficiently effective. According
to the disclosure of EP-A-515 933, CD/ U -containing 10 i socyanate m xtures
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of such prod ' r avoi ded by enpl oying the silylated
acid used fowbﬁ%?sm@g?;‘ %%ﬁpﬂﬁg%%ggﬁ%l ne catal yst, anal ogously to EP-A-515

933, in higher nolar equivalents (e.g. 5:1-10:1, based on the catal yst 25

enpl oyed). In practice, however, this results in the resultant CDO/ Ul -
According to the disciosure of EP-A-515 933, CD/Ul-containing

10 isocyanate mixtures prepared by means of phospholine catalysis are
terminated with at least an equimolar amount of, and preferably 1 to 2
times the molar amount of, trimethylsily! trifluoromethanesulfonate
(TMST), based on the catalyst employed. In practice, however, it has
been found that CD/Ul-containing isocyanates prepared in such a way

15 are of only limited suitability for the preparation of prepolymers.
Prepolymers are the reaction products of these CD/UI-containing
isocyanates with polyols. The correspondingly prepared prepolymers,
i.e. reaction products of polyols and the CD/Ul-modified isocyanates,
tend to release gas, which can lead to a build up of pressure in the

20 transportation tanks or to foaming during handling of such products.

This problem can be avoided by employing the silylated acid used for
terminating the phospholine catalyst, analogously to EP-A-515 933, in
higher molar equivalents (e.g. 5:1-10:1, based on the catalyst

25 employed). In practice, however, this results in the resultant CD/UI-
modified isocyanates having a significantly poorer color number. This

then also applies to the prepolymers prepared therefrom.



nodi fied i socyanates having a significantly poorer color nunber. This then
al so applies to the prepolyners prepared therefrom -3- This also applies if
t he phospholine catalyst is termnated with acids of the
trifluoronethanesul fonic acid type in accordance with U. S. Patent

6, 120, 699. Prepol yners prepared therefrom al so have a consi derably

i ncreased col or nunber. 5 The object of the present invention was to provide
a process for the preparation of |iqurd, storage-stable isocyanate m xtures
containing carbodiimde and/ or uretonimne groups which does not have the
deficiencies referred to above. It was also an object to prepare liquid, 10
st or age- st abThisialsw appligsif thexpbosghatinaicatalystdgs teymicatedwittuatids of SUMMVARY OF
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an organic i socyanate in t'he presence of one or nore catalysts of the
phosphol i ne ingpeasedXoleumsvbieent |y term nating the carbodiimdization
reaction py the addition of a silylated acid corresponding to the general
20 formula: X-[SI(CH3)3]n wherein: 25 X represents the neutral acid

:rg(rjiecal Whi Cithé Dbfik 8F fplesiit AleRtidiiRas to FoHdE a\prBgess Rifdheal ue of not
preparation of liquid, storage-stable isocyanate mixtures containing
carbodiimide and/or uretonimine groups which does not have the
deficiencies referred to above. It was also an object to prepare liquid,

10  storage-stable isocyanate mixtures exhibiting low color numbers.

SUMMARY OF THE INVENTION

The invention relates to a process for the preparation of organic
15 isocyanates containing carbodiimide and/or uretonimine groups. This
process comprises (1) partially carbodiimidizing isocyanate groups of
an organic isocyanate in the presence of one or more catalysts of the
phospholine type, (2) subsequently terminating the carbodiimidization
reaction by the addition of a silylated acid corresponding to the general
20 formula:

X-[Si(CH3)3]n

wherein:

25 X: represents the neutral acid radical
which is obtained from an n-basic
acid having a pKa value of not more
than 3 by the removal of the acid

hydrogen atoms, with the proviso that



than 3 by the renoval of the acid hydrogen atons, with the proviso that -4-
sui tabl e n-basic acids exclude hydrogen halide acids, and 5 n represents
an integer froml to 3, and (3) adding a conmpound selected fromthe group
consi sting of non- silylated acids, acid chlorides, sulfonic acid esters and
m xtures thereof. 10 Silylated acids suitable for termnating the

carbodiim zation reaction include thage corresponding to the general
formula X-[Si(CH3)3]n in which X and n are as defined above. It is
preferred that the silylated acids used are O silylated, oxygen-containing

acids which, in the non 15 silylated fotﬂ@l%agi/ﬁ%icg?gggﬁxa:yggoof not nore than

3. These include conpounds, such as, SY! nmet hanesul foni c
acid trimethylsilyl ester (trinethylgidishet hafilie'acrieet hanesul fonate, or
TMST). The present invention also relateS to the organic isocyanates 20
cont ai ni ng car bodii m de and/ or u@rdoni mi ne groups which are prepared by the
abovenenti oned process. These organic isocyanates containing carbodiimde
and/or uretonimne groups are liquid at room tenperature and, dependi ng on
the CD/ Uls content and/or on the pi socyppadentsanliRieder fropy1ke 3l iquid at |ow
tenperatures (e.g. 0 C. 25 In accordance wth the present invention, the
resul tant organic

and (3) adding a compound selected from the group consisting of non-
silylated acids, acid chlorides, sulfonic acid esters and mixtures
thereof.
10
Silylated acids suitable for terminating the carbodiimization reaction
include those corresponding to the general formula X-[Si(CH3)3], in
which X and n are as defined above. It is preferred that the silylated
acids used are O-silylated, oxygen-containing acids which, in the non-
15 silylated form, have a pKa value of not more than 3. These include
compounds, such as, for example, trifluoromethanesulfonic acid

trimethyisilyl ester (trimethylsilyl trifluoromethanesulfonate, or TMST).

The present invention also relates to the organic isocyanates

20  containing carbodiimide and/or uretonimine groups which are prepared
by the abovementioned process. These organic isocyanates
containing carbodiimide and/or uretonimine groups are liquid at room
temperature and, depending on the CD/Ul content and/or on the
isocyanate employed, may be liquid at low temperatures (e.g. 0 °C).

25
In accordance with the present invention, the resultant organic
isocyanates containing carbodiimide and/or uretonimine groups may be
blended with one or more other organic polyisocyanates to form a

blend of organic polyisocyanates. In addition, these CD and/or Ul



| socyanat es cont ai ni ng carbodii m de and/ or uretonimne groups may be

bl ended with one or nore other organic polyisocyanates to forma blend of
organi ¢ pol yi socyanates. In addition, these CD and/or U -5- containing
organi c i socyanates, and blends with one or nore additional organic

pol yi socyanates, are suitable for preparing prepolynmers of isocyanates,
i.e. isocyanate-term nated prepol ymers,_which exhibit inproved color
nunber. 5 Finally, the present invention also relates to the preparation of
pol yur et hanes such as, for exanple, foans and/or plastics, fromthe novel

this | nvent i ?ﬁ%ﬁérﬁrﬁé‘éﬁ&‘é@%n@f@i’%ﬂh&% it e EprRr S ot i mi ng
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i mpr oved coI prepared fromthese | socyanat es and bl ends of
these with osd)mﬁanakfm;yenesbegane[béiltmmlﬁatedﬂs@ﬁblwnml whEhsexhikiesi red organic
di- or poly- iso qtes C n be enpl oyed as starting materials for the
process accdm@® \&ycf%o phgum ¢Ent i on. is preferred, however, that the

car bodi i gi di zati on process accordi ng to the invention uses the organic

di i socyanates, which are typically 20 enployed in pol yurethane chem stry.
The fol | ow rignaliy, tlaemremelnj(inmﬁyalaaiﬁoe@laieetcpﬂ're pr(aplaaathn afui t abl e: aromatic
di i socyanat es I i so%ﬁ/cf]nat ot ne TDI ), 2,2' -,

2,4' - and/ orpwweﬁgﬁego%@g;ﬁ?g%{%fyg RbPlps ?ﬁi from t
novel organic isocyanates containing carbodiimide and/or uretonimine
groups of this invention, from blends of these novel CD and/or Ul group
10  containing isocyanates with other organic isocyanates, and from
prepolymers exhibiting improved color number prepared from these

novel isocyanates and blends of these with other isocyanates.

DETAILED DESCRIPTION

15
Any desired organic di- or poly- isocyanates can be employed as
starting materials for the process according to the invention. Itis
preferred, however, that the carbodiimidization process according to
the invention uses the organic diisocyanates, which are typically

20 employed in polyurethane chemistry.

The following di- and poly-isocyanates are particularly suitable:
aromatic diisocyanates, such as 2,4- and/or 2,6-diisocyanatotoluene
(TDI); 2,2'-, 2,4'- and/or 4,4'-diisocyanatodiphenylmethane (MDI) and
25 any desired mixtures of such aromatic diisocyanates; polyisocyanate
mixtures of the diphenylmethane series having a content of monomeric
diisocyanatodiphenylmethane isomers of 80 to 100 wt.% and 0 to 20
wt.% of polyisocyanates of the diphenylmethane series which are more

than difunctional, in which the diisocyanatodiphenylmethane isomers



25 any desired m xtures of such aromatic diisocyanates; polyisocyanate

m xtures of the di phenyl nethane series having a content of nononeric

di i socyanat odi phenyl nmet hane i sonmers of 80 to 100 wt.%and 0 to 20 w . % of
pol yi socyanat es of the di phenyl net hane series which are nore than

di functional, in which the diisocyanatodi phenyl net hane i soners -6- conprise
fromO to 100 wt. % of 4,4'-diisocyanatodi phenyl -nethane, fromO to 100 wt. %
of 2,4'-diisocyanatodi phenyl nethane, and from0O to 8 w. % of

2, 2' -dii socyanat odi phenyl net hane, with the sumof the percentages by wt. of
the 4,4'-, 2,4'- and 2,2'-isoners totalling 100 %5 by wt. of the nononer;
and pol yphengarppriseriony énd 0povtylioseld . dndiisecyanaiedipheayemethang.ed by
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type. The catal ysts of the phospholine tycge are known and described in, for
exanpl e, EP-perseptages ynat. of e a4 6andd,Lspmensdotallingc103 (e es of whi ch

are here incorpar.ated by reference., Typical .. exanples. of these catal ysts
el ude. Y or BLRAT B Forame: eBp A een e Pue ki aeisBaiieea T n the
art, of the WH%%@'dr@@al‘éﬁ' leaninhé-$ormAQeHRRPHYdNRatibe asigner al  formul as:
and PPCH3 P O O CH3 The anpunt of catalyst enployed in the present
i nventi on depébraggiuent phosganatigondl'deruge MDK'he starting i socyanates. Thus, the
speci fic anount of
The carbodiimidization reaction of the process of the invention is
10 carried out in the presence of one or more catalysts of the phospholine
type. The catalysts of the phospholine type are known and described
in, for example, EP-A-515 933 and U.S. Patent 6,120,699, the
disclosures of which are hereby incorporated by reference. Typical
examples of these catalysts include, for example, the mixtures, as are
15 known and described in the art, of the phospholine oxides which

correspond to the general formulas:

Y . O

P
0?2 cu, o cu,
The amount of catalyst employed in the present invention depends on
20 the quality of the starting isocyanates. Thus, the specific amount of
catalyst needed can be easily determined by means of a simple
preliminary experiment.



catal yst needed can be easily determ ned by neans of a sinple prelimnary
experinment. -7- The carbodiimdization reaction is generally carried out in
the tenperature range between 50 and 150 C, and preferably from60 to 100
C. The optinmumreaction tenperature obviously depends on the nature of the
starting isocyanates, and this can also be readily 5 determined in a sinple
prelimnary experinent. The carbodiimédization reaction is, in general,
interrupted when a degree of carbodiimdization of 3 to 50 % preferably 5
to 30 % is reached. As used herein, the degree of carbodiimdization is
the 10 perceqfage of carpodiimdized i socyanate groups, based on the total
amount of isg‘iE’?é%@ét?@'@?'gl}BQOBrr%%@mn '?rgeﬂﬁga?'é’tcéﬁ'gﬁeuf)@dWanate conpound.
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according to invent1dn 1s being carrie mnat1on of the NCO
val ue. The NTO0ECCGnNtHE optimuirereaetion tempenatirerabvicuseddpéndsien ¢ien ned by,
e.g., neans of titration, whjch is known, per sefothe person of ordinary

skill in thendiure ohihgptapinchisogyanaigs <ANd &if aAISCRe reddiliods. Suitabl e
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while the process according to the invention is being carried out, e.g.,

fromthe ar’rq_gnt of cﬁ,ar_b_on di oxi de escaping fromthe reaction m xture. This
25 anount of 18&AaEREHINKzation fpactiondaningencsaldintgrrdrted Wheka vol unetrical |y,

provides i nf gpgpld G AB0M M IdatBRYF%oH0 %, preferably 5 to 30 %, is
reached. As used herein, the degree of carbodiimidization is the
10  percentage of carbodiimidized isocyanate groups, based on the total
amount of isocyanate groups present in the starting isocyanate

compound.

The degree of carbodiimidization can be determined while the process
15 according to the invention is being carried out by determination of the
NCO value. The NCO content of the reaction mixture is readily
determined by, e.g., means of titration, which is known per se to the
person of ordinary skill in the art, or by means of any suitable online
methods. Suitable online methods include, e.g., near infra-red analysis

20 and middle infra-red analysis.

The degree of carbodiimidization can also be determined while the
process according to the invention is being carried out, e.g., from the
amount of carbon dioxide escaping from the reaction mixture. This
25 amount of carbon dioxide, which can be readily determined
volumetrically, provides information about the degree of

carbodiimidization reached at any point in time.



carbodii mdi zation reached at any point in tine. -8- Furthernore, in
principle, any other offline or online nmethods of process nonitoring known
to the skilled artisan can al so be enpl oyed. To end the carbodiim dization
reaction, a silylated acid which 5 corresponds to the general formula:

X-[Si (CH3) 3] n, wherein X and n have the neaning as set forth above, is
enpl oyed as a termnator. Preferably_gt |east an equi nolar anount, nore
preferably a 1- to 5-fold nolar excess, and nost preferably a 1- to 3-fold
nol ar excess, based on the nolar anount of the catalyst, of a silylated
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of phosphorus, such as phosphoric acid tris(trinmethylsilyl ester) or

phosphoric acid djethyl ester-trinmethylsilyl ster., In addition to the
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derivatives - SiekY i 5 S I B t process
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10 terminator.

Suitable compounds to be used as the silylated acid include, for
example, silylated sulfonic acids, such as trifluoromethanesulfonic acid
trimethylsilyl ester (TMST) or methanesulfonic acid trimethylsilyl ester,
15 or silylated esters of acids of phosphorus, such as phosphoric acid
tris(trimethylsilyl ester) or phosphoric acid diethyl ester-trimethylsilyl

ester.

In addition to the addition of the silylated acids as terminators, the
20  process of the present invention requires the addition of a compound
selected from the group consisting of non-silylated acids, acid
derivatives of a non-silylated acid and mixtures thereof. In particular,
suitable acid derivatives of a non-silylated acid include, for example,
acid chlorides and/or sulfonic acid esters. These non-silylated acids
25  and acid derivatives of non-silylated acids act as a stabilizer in the
process according to the present invention. The addition of this
stabilizer compound can take place either at the same time as the

addition of the terminator or in a subsequent step.



addition of the termnator or in a subsequent step. -9- Suitable

non-silyl ated acids which can be enployed in the present invention as
stabilizers include, for exanple, optionally hal ogenated, aliphatic and/or
cycl oal i phatic and/or aromatic, nono-, di- and/or polycarboxylic acids,
such as e.g. acetic acid, adipic acid, 5 cycl ohexanedi carboxylic acid,

a- chl oropropi onic acid, benzoic acid, phthalic acid, isophthalic acid,

etc., as well as sulfonic acids, HC '%nd/or phosphorlc aci ds and nono-
and/or diesters thereof, such as e.g., dibutyl phosphate. Suitable acid

chl orides which can be enployed include the acid chlorides derived fromthe
optional |y 18uitehiegenasilylatedarisisavhich @adb@rempb[y@dun ﬁmptaseahd/or aromat ic,
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p-tol uenesul fonic acid rethyl ester and p-tol uenesul fonic acid ethyl ester.
15 These addWlV@af@IOXSéltCamldw%tOi\aﬂ@geﬁp?-m/a@dl audlammds of bet ween 100 and

1, 000 pp pre rably between 10. p and rably bet ween
50 and 25 pf)\fﬁ édlﬁ? ?%“ﬁ@cﬁﬁ OE%égng'(jaﬁﬁ‘ & es contai ni ng

car bodi i m depjshgfi®aci! %b@ﬁtﬁﬂh@%c?d) ¥ OHPwelllds Sapnesaidkodad i n accordance
with the present i nvention that the conbined addition of the silylated acid

wi th an addi ah@/eaphesptinrid acids and engra- san%oradleastesﬁsthem@‘ Aveh 86l yl at ed aci d
:gdéggcﬂ bggaééochgetyfﬁlﬁs 5até:h Orté & 4t /ﬁlorlges Whi Shtczg)r%esUI fonic acid ester
employed include the acid chlorides derived from the optionally
10  halogenated, aliphatic and/or cycloaliphatic and/or aromatic, mono-, di-
and/or polycarboxylic acids or sulfonic acids, as well as carbamic acid
chlorides, such as e.g., n-butylcarbamic acid chloride. Suitable sulfonic
acid esters which can be employed include, e.g., p-toluenesulfonic acid

methyl ester and p-toluenesulfonic acid ethyl ester.

15
These additional stabilizers are employed in amounts of between 100
and 1,000 ppm, preferably between 10 and 500 ppm, and most
preferably between 50 and 250 ppm, based on the weight of the
organic isocyanates containing carbodiimide and/or uretonimine

20  groups.

It has been found in accordance with the present invention that the
combined addition of the silylated acid with an additional stabilizer,
comprising at least one non-silylated acid and/or at least one acid

25  chioride and/or at least one sulfonic acid ester as described above, that
can effectively terminate the phospholine catalysis, and at the same
time, low color values can be obtained in the resultant isocyanate and
in prepolymers prepared from these isocyanates. In the case of the

sole addition of the silylated acid as a terminator, as described in the



can effectively term nate the phospholine catalysis, and at the sane tine,
| ow col or val ues can be obtained in the resultant isocyanate and in

prepol yners prepared fromthese isocyanates. In the case of the sole
addition of the silylated acid as a term nator, as described in the -10-
prior art, the phospholine catalysis can be term nated effectively only by
addition of large quantities of silylafged acid. However, |arge quantities
of silylated acids lead to increased color values of the resultant

I socyanat es produced in this manner, m xtures of these with 5 other

| socyanat es, _and_prepol.yners.prepared fro hese | socyanates ,and m xtures
ther cof - ThePCanaRRB RESEnBIE ERRL s T BE 1o R Relet R Ry an aci d
chloride or pyaddftRn o agietyiities iof silaRd &0 Howeldr, farged t hout the
silylated acid). The presently required conbined addition (either
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contai ni ng i pferdeLEyandfcRUBAd prefolynefs prapaired freriiheakesbcyhpafisepol yners,
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and/ or ur et oahdinistuges therepf. ephe sameyendaeesufirascyeswher@rntimg to t he

' ion, W ' I | ypl s whigch. ., Kk b itable i
bol yur e hane SIeRRAGS aroafe et g ABudhig afig AR B A et ol v basi ¢
al cohol s of gir@vﬂmoﬁemétgifw@tbamﬁid)am&%séﬁwﬁéﬁ%irbelcﬁ@?iaéavl, and

preferably 62 to 300 g/ nol, such as e.g. ethylene g ,
t ri met hyl ol padgdéins (eithersimeitahe@usly of sequentiady)lofthdisilylated abidt ane- 2, 3-di ol ,

hexanedi % ’ %thaarﬁgésqldnedr?gne-gﬁy aet(cjaldoalciéj1 Qr%f())rr at least one acid chloride
and/or at least one sulfonic acid ester, therefore produces a synergistic

effect.

Prepolymers containing isocyanate groups, i.e. isocyanate-terminated

15 prepolymers, are obtained by reacting the organic isocyanates
containing carbodiimide and/or uretonimine groups prepared by the
process according to the invention, with conventional polyols which are
known to be suitable in polyurethane chemistry. Suitable polyols
include both simple polybasic alcohols of the molecular weight range

20 from 62 to 599 g/mol, and preferably 62 to 300 g/mol, such as e.g.
ethylene glycol, trimethylolpropane, propane-1,2-diol, butane-1,2-diol
or butane-2,3-diol, hexanediol, octanediol, dodecanediol and/or
octadecanediol, and preferably, higher molecular weight polyether
polyols and/or polyester polyols of the type known per se from

25  polyurethane chemistry having molecular weights from 600 to 8,000
g/mol, preferably 800 to 4,000 g/mol, and which contain at least two,
typically 2 to 8, and preferably 2 to 4 primary and/or secondary
hydroxyl groups. Examples of such polyols are described in, for



oct adecanedi ol , and preferably, higher nolecul ar weight polyether polyols
and/ or polyester polyols of the type known per se from 25 pol yuret hane

chem stry havi ng nol ecul ar weights from600 to 8 000 g/nol, preferably 800
to 4,000 g/nmol, and which contain at |least two, typically 2 to 8, and
preferably 2 to 4 primary and/or secondary hydroxyl groups. Exanpl es of
such polyols are described in, for -1llyq exanple, U S. Patent 4,218, 543,
colum 7, line 29 to columm 9, line 32, the disclosure of which is hereby
i ncorporated by reference. The advantages of the process according to the

invention are rea |so S C

car bodi i m deeéﬁ’a‘P&' %ﬁeﬁéﬁj"ﬁﬁé{g aﬂgﬁguma l'f‘ﬁ?@"e&?&l”?ﬁ&?i‘ par ed

t her ef r om exidiiscBsARO whicRiSHrethARLY! SYat@H%lyare*érQH&ew' or. 10 These
organi c i socyanates containing car Il m e an uretoni mne groups and
the prepolyners prepared therefrom are val uabl e startl ng materials for the
preparation po] yur et hane, pl asti cs and/ or f the i socyanate

pol yaddi t i on?bﬁtﬁdéég{agﬁ #Hggp()?cf%%%q!’&%tﬂ g@ ‘PM? i atq 1e@dilY at e detail s
for the pgocg @ﬁar%f tthis invention. The invention, which is set forth in the
f or egoi ng di scTosure, is not to be limted either in spirit or scope by

t hese exanples. Those skilled in the art will readily understand that known

variations o he 20 conditions of the follo rocedures can be used.
Unl ess ot her Eoi'?eei‘%'é%)@”aéﬁ CPBWBP%PGM"E\‘& aggﬁééléet@@m'ﬂﬁs and al |

percentages gr&ups, and the prepolymers prepared therefrom exhibit a good

storage stability and a light color.

10
These organic isocyanates containing carbodiimide and/or uretonimine
groups and the prepolymers prepared therefrom are valuable starting
materials for the preparation of polyurethane plastics and/or foams by
the isocyanate polyaddition process.

15

The following examples further illustrate details for the process of this
invention. The invention, which is set forth in the foregoing disclosure,
is not to be limited either in spirit or scope by these examples. Those
skilled in the art will readily understand that known variations of the
20 conditions of the following procedures can be used. Unless otherwise
noted, all temperatures are degrees Celsius and all percentages are

percentages by weight.



percent ages by weight. -12- EXAMPLES: Starting materials: 5 |Isocyanate A

4, 4' -di phenyl met hane-di i socyanate having an NCO content: 33.6 w.%
(Desnmodur 44Mr), Bayer Material Science AG Catalyst A a catalyst of the
phosphol i ne oxide type: a 10 technical-grade m xture of 1-nethyl-1-oxo-1-
phosphacycl opent - 2-ene and 1-net hyl - 1- oxo- 1- phosphacycl opent-3-ene, 10 %
strength in toluene Term nator A: trinpshylsilyl trifluoronmethanesulfonate
(TMST) 15 Polyol A: a pol yether polyol™ of propyl ene oxide and ethyl ene
oxide units having 80 - 90 %primary OH groups, a functionality of 3, an OH
nunber of 28 ng KOH/ g and a viscosity of approx. 1,200 nPas at 25 C 20

(Mul tranol (r) 3901, Bayer Material@ﬁﬂﬁ:@l.@ Ceneral instructions for the
preparation of the organic isocyanate containing carbodiimde and/or

uretoni m ne groups: 25 10 kg technical -grade |Isocyanate A, i.e. 4,4'-ND,
wer e heat ed tStafidg@natenid: N2, while stirring, and 352 ng of the catalyst
solution, Catalyst A, (3.5 ppm 0.3 mmol) were added. The reaction m xture
was heated at 97 C for 240 min under N2 while stirring. Thereafter, the

-13- 5 Isocyanate A: 4 4'-diphenylmethane-diisocyanate having an NCO
content; 33.6 wt.% (Desmodur 44M®,
Bayer MaterialScience AG)
Catalyst A: a catalyst of the phospholine oxide type: a
10 technical-grade mixture of 1-methyl-1-oxo-1-
phosphacyclopent-2-ene and 1-methyl-1-oxo0-1-
phosphacyclopent-3-ene, 10 % strength in toluene
Terminator A: trimethyisilyl trifluoromethanesulfonate (TMST)
15
Polyo! A: a polyether polyol of propylene oxide and ethylene
oxide units having 80 - 90 % primary OH groups, a
functionality of 3, an OH number of 28 mg KOH/g
and a viscosity of approx. 1,200 mPas at 25 °C
20 (Multranol® 3901, Bayer MaterialScience LLC)
General instructions for the preparation of the organic isocyanate
containing carbodiimide and/or uretonimine groups:
25

10 kg technical-grade Isocyanate A, i.e. 4,4'-MDI, were heated to 60 °C
under N, while stirring, and 352 mg of the catalyst solution, Catalyst A,
(3.5 ppm; 0.3 mmol) were added. The reaction mixture was heated at

97 °C for 240 min under N2 while stirring. Thereafter, the



carbodii mdization was term nated by addition of 101 ng TMST, i.e.

Term nator A, (10 ppm 0.45 nmmol), and the m xture was subsequently stirred
for 1 hour. In Exanples 1 to 6 , which are in accordance with the present

i nvention, a stabilizer (isophthalic acid dichloride [IPDC] in 5 Exanple 1;
a-chl oropropionic acid [a-CIPA] in Exanple 2; p- toluenesulfonic acid nethyl
ester [p-TSME] in Exanple 3; gaseous HE_ [HCI] in the formof a nasterbatch
in 4,4 -NMDl in exanple 4; sebacic acid dichloride [SDC] in exanple 5;

di butyl phosphate [DBP] in Exanple 6) was then added, in the amounts as

shown in the table. .I.n 10 Conpariso amples 1. ta. 3, ddi tion of the
Sdai i onal | SeamadURaten WeAeTLAS R IRTon o Altite TS Sfanpl 6 5.t he
anount of T I RC @)g‘ﬁﬁﬁ ixtGRRAL| e 3, 70 ppm
of trifl uolrv(?:érrrrgt a%ﬂe'gh{1f I c’ 2‘%53%@%'&%@@323"% thé st%grg% nat or instead

of TMST. The stigedifors1 Aoar.simrampled 1 to 68 hehiahl arevinragcoedanee vith Gener al
instructions for the, preparation qf a, .pr | ymer, fr. reactl . an organic

i socyanate cHif BTQﬁeHbﬁB@BﬁB@W ﬁ{]aé’g'zﬁﬁﬁg?ﬂe'ﬁﬁ?iq Bﬂprﬁ{'ﬁg}’r@? ghpgﬂ\kﬁ‘t h a polyol :
20 167 g Pol re_ il ﬁp@) f .t he i socyanate

pr epar ed gcc%ﬁﬁ’g’;&ﬁbet e aggéfgoriglﬁs%tcru t?m%aﬁg&gba%%ﬁder N2 while
stirring, andolubresulfonio acidasethgpestat [[BUSMIE]dn Examplé Begagedusud@er N2 whil e

stirring. Th epol rs were characterjized analysis the . foll owi ng day.
To eval gate T’H&H‘EM%W‘C@ ”méerga PMTMPW%%’E%%’#&‘F sebagiCessur e tgstsy

g ;ﬁl 2 I 22 ChckFdiEnBABE [SBCIM exdipld 554blifyl phésprtETBEPTRA I n the fol low ng

Example 6) was then added, in the amounts as shown in the table. In

10 Comparison Examples 1 to 3, the addition of the additional stabilizer
was omitted. However, in Comparison Example 2, the amount of TMST
was increased to 55 ppm, and in Comparison Example 3, 70 ppm of
trifluoro-methanesulfonic acid was employed as the terminator instead
of TMST. The results are summarized in the following table.

15
General instructions for the preparation of a prepolymer from reacting
an organic isocyanate containing carbodiimide and/or uretonimine

groups with a polyol:

20 167 g Polyol A were added to (in each case) 500 g of the isocyanate
prepared according to the above instructions, at 50 °C under N, while
stirring, and the mixture was kept at 80 °C for a further 2 h under N,
while stirring. The prepolymers were characterized by analysis the
following day. To evaluate the stability of the prepolymers, isothermal

25 pressure tests (12 h/ 90 °C) were carried out. The results are

summarized in the following table.
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Comparison 10 - - 29.47 113 37 79 383 6 Exanple 1 Conpari son
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Comparison { 10 - - 2947 113 37 79 383 6
Example 1
Comparison | 55 - - 29.53 349 37 155 383 0.1
Example 2
Comparison | 70* - - 29.53 560 36 208 365 0.1
Example 3
Example 1 J 10 IPDC 200 29.67 111 32 102 351 0.1
Example2 | 10 a- 100 29.65 110 32 83 362 1
CIPA
Example3 ] 10 p- 100 29.48 114 32 80 350 1
TSME
Example4 | 10 HCI 100 29.13 78 42 53 385 1
Example 5 | 10 SDC 200 2953 87 32 67 349 1
Example 6 | 10 DBP 200 29.02 50 42 63 396 2

* Instead of TMST, trifluoromethanesulfonic acid was employed as the

terminator in Comparison Example 3.

O
u



Cl PA Exanple 3 10 p- 100 29.48 114 32 80 350 1 TSME Exanple 4 10 HO 100
29.13 78 42 53 385 1 Exanple 5 10 SDC 200 29.53 87 32 67 349 1 Exanple 6
10 DBP 200 29.02 50 42 63 396 2 * Instead of TMST, trifluoronethanesul fonic
acid was enployed as the termnator in Conparison Exanple 3. 5 -15-

Conparison Exanples 1 and 2 illustrate the positive influence of the
i ncreased anmount of TMST term nator amghe stability, but at the expense of
the col or (HAZEN). Conparison Exanple 3 shows the still nore unfavorable

i nfl uence of the trifluoronethanesulfonic acid 5 term nator on the col or

nvent ! on, G B kdhnBielt oh 2 fstlaiP HEBES B BBhot 8F B par son
Exanpl e 1, anstrédsedandubobPTMIEemirdtieNihe etabiits dublt tHened. 10 Al t hough
the invention has been described in detail in the foregoing for the purpose

of il ustratiexpense of the:eploe(HdlN:t Gompanison fxemplesishaws hestillel y for t hat

pur pose and i at| i se.gkilled in the art
wi t hout qepawcﬂ%d‘}/r}%\()%gb %gﬁgg?ﬁ?$8%tﬁgq§ﬂ%%§@ﬁaQ%éjlfbﬂ@e%t' on except as it
may be |i gt gghniiiatoh@ncthaicdor (HAZENIHAR Ex@antdiés WHD 6 which.aré process for the
preparation of organic isocyanates ) ) __

representative of the present invention, an improved stability was

achieved, compared to Comparison Example 1, and the good color

level (HAZEN) was also obtained.

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 the art without departing from the spirit and scope of
the invention except as it may be limited by the claims.



cont ai ni ng carbodiim de and/or uretonimne groups, conprising: 5 (1)
partially carbodiimdizing i socyanate groups of an organic isocyanate in
the presence of one or nore catalysts of the phospholine type, (2)
subsequently term nating the carbodiimdization reaction by the addition of
a silylated acid which corresponds to the fornmula: 10 X-[Si (CH3)3]n,
wherein: X represents the neutral aciq radical such as is obtained froman
n-basic acid having a 15 pKa val ue of "hot nore than 3 by renoval of the
acid hydrogen atons, with the proviso that suitable n-basic acids exclude
hydrogen hal jde acids, and 20 n represents an integer from1l to 3, and (3)
adding a co ' IB5m t he group consisting of non- silylated
acids, acid chlorides, sulfonic acid esters and m xtures thereof. 25 2. The
process of Claim1, wherein step (3) the addition of a non-silylated acid,

an acid chloride and/ on grosesd foritike praphratidresf oyanipibbtpthated eit her
sinmul taneously as the addition of the silylated acid, or subsequently to

the addi ti oncontainieg samadimide apdieriuretaniseipg gieers CoFPrising.:

5 (1) partially carbodiimidizing isocyanate groups of an organic
isocyanate in the presence of one or more catalysts of the
phospholine type,

(2) subsequently terminating the carbodiimidization reaction by the
addition of a silylated acid which corresponds to the formula:
10 X-[Si(CH3)3]n,

wherein:
X represents the neutral acid radical such as
is obtained from an n-basic acid having a
15 pKa value of not more than 3 by removal of
the acid hydrogen atoms, with the proviso
that suitable n-basic acids exclude
hydrogen halide acids,
and
20 n represents an integer from 1 to 3,
and
(3) adding a compound selected from the group consisting of non-
silylated acids, acid chlorides, sulfonic acid esters and mixtures
thereof.
25
2. The process of Claim 1, wherein step (3) the addition of a
non-silylated acid, an acid chloride and/or a sulfonic acid ester is
carried out either simultaneously as the addition of the silylated acid, or
subsequently to the addition of the silylated acid in a separate step.



3. The process of Claim1, wherein the non-silylated acid, the acid chloride
and/or the sulfonic acid ester are added in anounts of in total between 10
and 1,000 ppm based on the weight of organic isocyanates containing
carbodii m de and/or uretonimne groups. 5 4. The process of Claim1, wherein
the non-silylated acid, the acid chloride and/or the sulfonic acid ester
are added in amounts of in total between 10 and 500 ppm based on the

wei ght of organic isocyanates containing carbodiimnmde and/or uretoninine
groups. 10 5. The process of Claim1, wherein the non- S|Iylated acid, the

acid chloride and/or the sulfonic acjd ester are added in anmounts of in
total between 50 and Zgbe@ﬁﬁ?e%d%f&fa@h i Waeigin gihe nan- 6'|lyd)%¥ﬁ¢@0'q 'socyanat es

cont ai ni ng Cf’i{ebé’é?? cHIdRIePIHY/OF thid! 1‘8H1 d‘@egfe‘?‘éﬁ’éadﬂié ﬁﬁ%nﬁ%ﬁfess of

Claim 1, wherelin the non-silylate aC| conpri ses op i on ogenat ed,
al i phati c anii total betheen i prerd t,008pphorbased o the, wenghbefor@amcand/ or

pol ycar boxyljc acids, sulfaonic acids HCl nd/ or phosphoric acid, or nono-
and/ or di est I5P§YaNAIRS GPNtajRNgG ca "H?'@%@é‘Q]QSfUFQﬁO&i"ﬂE‘G g'RHB¥ei n t he
non-silylated acid is selected fromthe group consisting of: acetic acid,
adi pic acid, cyclohexanedi carboxylic acid, a-chloropropionic acid, benzoic
acid, phthalic a4jd, Thepntddeds of Glaiml1, diherinlthe hoamiglatediadidm xt ur es

thereor . 28 8 eSS s o act 2Ll Bt S ¥ acim e 9F
in total between 10 and 500 ppm, based on the weight of organic
isocyanates containing carbodiimide and/or uretonimine groups.
10
5. The process of Claim 1, wherein the non-silylated acid,
the acid chloride and/or the sulfonic acid ester are added in amounts of
in total between 50 and 250 ppm, based on the weight of organic
isocyanates containing carbodiimide and/or uretonimine groups.
15
6. The process of Claim 1, wherein the non-silylated acid
comprises optionally halogenated, aliphatic and/or cycloaliphatic
and/or aromatic, mono-, di- and/or polycarboxylic acids, sulfonic acids,
HCI, and/or phosphoric acid, or mono- and/or diesters thereof.
20
7. The process of Claim 6, wherein the non-silylated acid is
selected from the group consisting of: acetic acid, adipic acid,
cyclohexanedicarboxylic acid, a-chloropropionic acid, benzoic acid,
phthalic acid, isophthalic acid, dibutyl phosphate and mixtures thereof.
25
8. The process of Claim 1, wherein the acid chloride
comprises onhe or more acid chlorides derived from optionally

halogenated, aliphatic and/or cycloaliphatic and/or aromatic, mono-, di-



conprises one or nore acid chlorides derived fromoptionally hal ogenated,

al i phatic and/or cycloaliphatic and/or aromatic, nono-, di -18- and/or

pol ycarboxylic acids or sulfonic acids, and carbam c acid chlorides. 9. The
process of Claim8, wherein the acid chloride 5 conprises n-butylcarbamc
acid chloride. 10. The process of Caim1, wherein the sulfonic acid ester
is selected fromthe group consisti r1g180_f p-tol uenesul foni c acid nethyl
ester, p-toluenesulfonic acid ethyl ester and m xtures thereof.

and/or polycarboxylic acids or sulfonic acids, and carbamic acid
chlorides.

9. The process of Claim 8, wherein the acid chloride

5 comprises n-butylcarbamic acid chloride.

10.  The process of Claim 1, wherein the sulfonic acid ester is
selected from the group consisting of p-toluenesulfonic acid methyl

ester, p-toluenesulfonic acid ethyl ester and mixtures thereof.



