- 1 - PROCESS FOR THE PREPARATI ON OF LI QUI D, STORAGE- STABLE ORGANI C

| SOCYANATES OF LOW COLOR NUMBER CONTAI NI NG CARBODI | M DE ANDY OR
URETONI M NE GROUPS 5BACKGROUND OF THE | NVENTI ON The invention rel ates
to a process for the preparation of liquid, storage-stable isocyanate
m xtures exhibiting a | ow col or nunber and contai ni ng carbodiim de
(CD) and/or uretonimne (U) groups. ,This 10invention also relates to
the i socyanate m xtures obtai ned by t1h| S process, to their use for
the preparation of blends with other i socyanat es, for the preparation
of prepol yners containing isoc anate and for the preparation
of pol yur et RAROGHSSFORTHERR IQUIE: STQRAGE- 15

| socyanat e n3X%AB EQEGMQHB%W& E (Q WVQC&I&RMBEROrepar ed in
a si npl e nman@ONTANING ICARBOGHIMIDEANDIOR 3RETGNIMINEOGROUPS
phospholine series, in particular catalysts of the phospholine oxide
series. uitable DFOCGSWﬁGRMNWOBWHEdMNHM in US Patent 20
2,853,473, EP-A-515 933 and U. S. Patent 6,120, 699. The high catalytic

activity of Tﬁ@um!@%}wat@@t&ab?&&g ?ortmwel abdtiohl of (ibikE, SBRgyebol i ne

oxi de catalysts, is on the one hand desirable in order to start up
the carbodi i ﬁabﬂez&nqyanatee'anctur@ﬁexsmbwng gdow [celor supdenand e

containing carbodiimide {CD) and/or uretonimine (Ul} groups. This

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 gentie 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
COz-formation. This then leads to a build up of pressure in, for

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



25 conditions. However, on the other hand, no process is known to
date which ensures the effective termnation of the phospholine

catal ysis or phospholine oxide catalysis without |imtation. The
carbodii m di zed i socyanates tend to after-react, i.e. they rel ease
gas as a result of of 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~B€en nunerous attenpts to

di scover an effective nmeans to term nate the phospholine catalysis.
Suitable term nators are nentioned in, e.g., the patent

speci ficati onEh@hawsmsemaamemasmmtsgragiaqwau.as.eﬁleati\emmeenazo, 699.

These includ ) i i . or r.ates and
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times the molar amount of, trimethylsilyl 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/Ul-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.



Thi s probl em can be avoi ded by enploying the silylated acid used for
term nating the phospholine catal yst, anal ogously to EP-A-515 933, in
hi gher nol ar equivalents (e.g. 5:1-10:1, based on the catal yst

25enpl oyed). In practice, however, this results in the resultant
CD/U - nodified isocyanates having a significantly poorer col or
nunber. This then also applies to the,prepolynmers prepared therefrom
- 3- This also applies if the phospﬁél'i ne catalyst is term nated
with acids of the trifluoromethanesul fonic acid type in accordance
with US Patent 6,120, 699. Prepolypers prepared.therefromal so have
a consi der abl J§ Alspeapplies 58’!%?“‘%\5’5‘8@?@" gb‘ﬁfgsﬁpﬂ'&n@%fl\” r?é’"%r‘gsent

i nvent i on wasibGifRicPdhERaReRiIRARSSid Bhetif8cBIrBR AP Y. Of pAteAui d,
storage-stabl e i socyanate m xtures contai ning carbodiimde and/ or

ur et oni mi ne ¢f,062H699h Pedpadasrsiveparad éharpiomefisachaveca egnsiddreblyed to
above. It was_al n_Qbjec o prepare liquid, 10 storage-stable

i socyanat e n‘i'Q?r&%g%gS?([ﬁ[bﬁTFﬁ% | ow col or nunbers. SUMMARY OF THE

| NVENTI ON sThe i nvention relates to a process for the preparation of
organic 15 isocyanates containing carbodiimde and/ or uretonimn ne

groups. This piekisst ofdhe presest inYgntionwasio Rrovde BRIPFeRsIPZ NGy

i socyanate gr Pale hGgbSE i f one or
nore cat al yst@\égéraﬁﬁg%gh@g%ﬂé&?@ﬁg typg@%%ﬁdg%maﬁ%ﬁ?%wﬁg m nat i ng
the carbodi i néatbaditnhide andac urennibyine proupd wihidhotpesina heve feat ed aci d
correspondi ngdéf%ietnrt]:?es g%?rre%l to%%o]\cfg.rlmlag 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



X-['Si (CH3) 3] n wherein: 25X: represents the neutral acid radical which
IS obtained froman n-basic acid having a pKa value of not nore than
3 by the renoval of the acid hydrogen atons, with the proviso that -
4 - suitable n-basic acids exclude hydrogen halide acids, and
5represents an integer from1 to 3, and (3) adding a conmpound
selected fromthe group consisting oft4nonsilylated acids, acid
chlorides, sulfonic acid esters and m xtures thereof. 10 Silyl ated
acids suitable for termnating the carbodiimzation reaction include

those corresponding to the general fqQymhidnbdsi 4GHBE2dude | N Which X
and n are as defined above. It is preferred that the silylated acids

used are O-silyl ated, oxygen-contai nihygragend@lidéaeiis, i n t he non- 15
silylated form have a pKa val ueaoc{ not nore than 3. These include
conpounds, such as, for exanple, i 1 uor onet hanesul f oni ¢ aci d
trinmethylsilyl ester (trimethylsilyltrifluoronethanesul fonate, or
TMVST) .

) n represents an integer from 1to 3,

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

trimethylsily! ester (trimethylsilyl trifluoromethanesulifonate, 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/U! content and/or on the
isocyanate employed, may be liquid at low temperatures (e.g. 0 °C).

25
[n 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



The present invention also relates to the organic isocyanates 20
cont ai ni ng carbodiimde and/or uretonimne groups which are prepared
by the abovenenti oned process. These organi c isocyanates containing
carbodii m de and/or uretoninmne groups are liquid at roomtenperature
and, depending on the CD/Ul content and/or on the isocyanate

enpl oyed, may be liquid at |ow tenpergtures (e.g. 0 C. 25 In
accordance with the present invention, the resultant organic

i socyanat es cont ai ni ng carbodii m de and/ or uretonimne groups may be
bl ended Wthceﬁt%wmﬁq 5RaRicqb ngfega&a&bxeﬁbywﬁwar@h%%eta@dft.ahan a

bl end of organic polyi"socyan Inaddition, these CD and/or U -
5 - contai ni mmcga@iweo‘tm@mataa%t;ntaafﬁfom@mgng\pmm&fﬁ@ef@r0fmore

pr epol ymer s SETRGES b BOVNGE S BB te e BBl ol e o,
whi ch exhi bi impraveeeldr eameer.nunber. 5 Finally, the present I nvention

also relates to the preparation of polyurethanes such as, for
exanpl e, Poans and/or plastics, fromthe novel organic isocyanates

cont ai ni ng_ca5 gl iEicieed ‘ﬂ{\/%trb’t‘i%Fsreq%j?iééeto%&q&'ﬁaﬁﬁtioh?ﬂffs i nventi on,

from bl-ends ese no CD and group 10 containin
i socyanat es \piohfureth&rees sudahaas, h)n@cenmmau’% apaar plastiesp frepolngner s

Csocyanat os THSKTERGS SGeveonres comana spcTIBgus AR Rt Gimie o
DESCRI PTI ON  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. It is
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
(TDD); 2,2'-, 2,4'- and/or 4,4'-diisocyanatodiphenylmethane (MDI) and
25 any desired mixtures of such aromatic diisocyanates; polyisocyanate
mixiures of the diphenylmethane series having a content of monomeric
diilsocyanatodiphenylmethane 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



15 Any desired organic di- or poly- isocyanates can be enpl oyed as
starting materials for the process according to the invention. It is
preferred, however, that the carbodiimdization process according to
the invention uses the organic diisocyanates, which are typically 20
enpl oyed i n pol yuret hane chem stry. The follow ng di- and
poly-isocyanates are particularly suifgable: aromatic diisocyanates,
such as 2,4- and/or 2,6-diisocyanatotoluene (TDI); 2,2'-, 2,4'-

and/ or 4,4'-dil socyanat odi phenyl net hane (MDI) and 25 any desired

T o PR 0B P ThRRSY % E et RARAR ety ==
di i socyanat odigh ety 1 1metvitap of R sarsatyahat8diphenylibethaneYard o 0 @ 20
wt . % of pol yi socyanates of the diphenyl net hane series which are nore

t han di f unct i SWhe of h2vifisesyanatodiphesytmeihane riHER pLTE?HBRe | soners
- 6 - conpri %_ " 1 : 0

4,4 -dii socy?%é%%@?%%e%@%%ggmgaﬁé{, 'C?'ﬁor%n 2’[’20 tsl%ervswtc'ntt%ltglg 100 %

2, 4' - di i sdcyanawbdf fiieemphomeh and pohptenylpolydethylehevpalisafyanates,

2,2 -diisocyanat,odi phenyl net han ith the sum pf the percentages by
G2 of the 4 ameR S GRBAAER DaR e et hies MdEns R £y T - of
t he nononer; me@@m@ﬁgg?émbﬁwm FIDg") pol yi socyanates, which are
prepared by aniline-forml dehyde condensati on and subsequent

phosgenation ("crude MDI"). The carbodiimdization reaction of the

rocess of t | on.l L i ﬁ@p of one or
ﬁor e catal ys:fn éo&/r? ﬁ%"“ﬁﬁggg%%%aﬁg&ﬁ ?ﬁ@e q#%%ésga(%@%/%g 0 Itg he
phosphol i He tcgpeedhoet ik hlnapresadceleband dredoienatélypsis of Hrepplesphting 515

933 and U. S. Pate 6 0,69 the di scl osures of which are hereby
"ncor por at ed Wt She R T be PRFs el RS §F PRuldEldkfeel
i nclude, for iﬂ%@mék@mﬁleh_EP%JSH_Br%&ana_SJ.St Paftnt KN@oE9@NEhedescri bed in
the art, of the phospholine oxides which correspond to the general
fornul as: disclosures of which are herefydncorporated by reference. Typica
examples of these catalysts include, for exampile, the mixtures, as are
15 known and described in the art, of the phosphaline oxides which

correspond to the general formulas:

L

P
0?7 >cH, 0?7 NcH
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.



OCH30 "76- CH3 The anount of catal yst enployed in the present

i nvention depends on 20 the quality of the starting isocyanates.

Thus, the specific anount of catalyst needed can be easily determ ned
by neans of a sinple prelimnary experinent. - 7 - The

carbodii mdization reaction is generally carried out in the

t enperature range between 50 and 150 .G . and preferably from60 to 100
C. The optimumreaction tenperature obviously depends on the nature
of the starting isocyanates, and this can also be readily 5

determ ned | ' 1m ; rbodi i m di zati on
reaction i's, Tie GuRBYErRIAbA RS B Gl S dd BuCR e

car 3oﬂ| i i di Z@hipenatafe r&ngfe b@ﬁu%éndm ah«gna@m a"md pre&&a%j ficgn 6Béxhed. As
use erein, e degree of carbodiim |zt|o he 1 erc ntage of
o bod: | i d 2 M0 "o lhs RaliautiisaRen BaRsRble S SrrediB i hg

i socyanat e grQatdf Wtﬁé%fﬁrtlrﬁg‘zsb%n%i@sr Bh@his é%ﬁ%ﬂaﬁeere@@i@c’u”d The
degree of carbodiimdization can be determ ned while the process

15accor di niy t detemaingdireasinpie ipselieinay exaerment. out by det erni nation of
t he NCO val ue. The NCO content of the reaction mxture is readily
determ ned by, e.g., neans of titration, which is known per se to the
per son of or dihacyrbeliirhididation heactioh is, i gbryerabaﬂsrrmﬁteamheam tabl e

R e S T N R
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.



The degree of carbodiindization can also be deternined while the
process according to the invention is being carried out, e.g., from

t he anobunt of carbon di oxi de escaping fromthe reaction mxture. This
25 amount of carbon di oxi de, which can be readily determ ned
volumetrically, provides information about the degree of
carbodi i m di zation reached at any poinf.in tine. - 8 - Furthernore,
in principle, any other offline or online nethods of process
nonitoring known to the skilled artisan can al so be enployed. To end
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at | east an equi nolar anount, nore preferably a 1- to 5-fold nol ar
excess, and nost preferably a 1- to 3-fold nolar excess, based on the

mol ar amount ¢ ehB%éé‘éerbfﬁﬁidiz‘éﬁoﬁrédc'tib!h,aéﬁ@(jiag&? ﬁcihivlﬂ@*@e‘j as a

10term nator. Suitabl e conpounds to be used e silylated acid
i ncl ude, fdr exzespoads & thel genedal Sermiudmide] S Higs]n, sdnereing and n
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ester) or phosphoric acid di ester-trimethylsilyl ester. In
addition to tRelaaNresoANdMasherefeiaplya dutoatfals MeQreseassi®peed, the

on the molar amount of the catalyst, of a silylated acid is added as a

10 terminator.

Suitable compounds to be used as the silylated acid include, for
example, silylated sulfonic acids, such as triflucromethanesuifonic acid
trimethyisilyl 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 subseguent step.



20 process of the present invention requires the addition of a
conpound sel ected fromthe group consisting of non-silylated acids,
acid derivatives of a non-silylated acid and m xtures thereof. In
particular, suitable acid derivatives of a non-silylated acid

i nclude, for exanple, acid chlorides and/or sulfonic acid esters.
These non-silylated acids 25and acid_derivatives of non-silylated
acids act as a stabilizer in the procéss according to the present
invention. The addition of this stabilizer conpound can take place

either at the.sa time,as the addition of the termnator Qr in a
subsequent ocSE0R feShiied 68 Wit i 57 smByaditediPt ean. be
enpl oyed i n tiRGribRRabifERS nchiicafor 8kambld &8fichdliPGhlgenatear

exanpl e, optionally hal ogenat ed, “aliphatic and/or cycldaliphatic
and/ or ar onataliphatimard/or wdoaénﬂamarwgwwambﬁ.yhﬂ@o-adi-@951/%uch as e.g.

acetic acid, i Qi id...5¢c exanedi.carhoxy.l.i.c id,
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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/cr 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



25chl oride and/or at “l east one sulfonic acid ester as described
above, that can effectively term nate the phospholine catalysis, and
at the same tine, |ow color values can be obtained in the resultant

i socyanate and in prepolynmers 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, thg-phospholine catalysis can be
termnated effectively only by addition of |arge quantities of
silylated acid. However, large quantities of silylated acids lead to

| nor eased. 0ol gortdt Wi eohBind B Ran LEAGHARBIAREAACEH N LN S

manner, m Xxtures se Wt | socyanat es, a?\: | ymers
prepar ed fronby hdditon shiaygEnguastitien df sitylated agidt Hewed T, lalge sane

end-result occurs.whep .a nonsilylated.acid n.,acid chloride or a
Sul foni ¢ aci dIGRTEPS PEsiyialet aGF i oyeasad Shicvalues S ot ed
aci d). The presamintysdcyaHates préduEet nethidg@hhe0 Mikiaidshsthese with
simul taneously or sequéntially) of the silylated acid, 10wth at
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effect. Prepolyners containi'ng 1socyanate groups, |I.
i socyanat e-t esilylaied edid15paejdajorelesr ssuifobiotamichestebiy addedsolely t he

organi ¢ i socyanat cqpt ai ni .ng caybadi i m de and/ or .uretonijymne groups
prepared by tHé Hﬁﬁ%‘@ggeéﬁﬂﬁeﬂi {jf)t gﬂ?ﬁ’_éeﬁeﬁ'\t)%ﬁ?q%rﬁ? R nventi onal
pol yol s whi chaddifork ((3th8r SithuRBnsstidhpdt eduBniidllyy Bf Behapatetham stry.
Sui tabl e polyols include both sinple polybasic alcohols of the
nol ecul ar 1Qwei with at lgagkone non-silylated acid and/or at least one acid chioride

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 539 g/mol, and preferably 62 to 300 g/mol, such as e.g.
ethylene glycol, trimethylolpropane, propane-1,2-diof, 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



20 from62 to 599 g/nol,” and preferably 62 to 300 g/rmol, such as e.g.
et hyl ene glycol, trimethyl ol propane, propane-1, 2-diol,

but ane- 1, 2-di ol or butane-2,3-diol, hexanediol, octanediol,
dodecanedi ol and/ or octadecanedi ol, and preferably, higher nolecul ar
wei ght pol yet her pol yols and/or pol yester polyols of the type known
per se from 25 pol yurethane chem stry4havi ng nol ecul ar wei ghts from
600 to 8,000 g/ nol, preferably 800 to 4,000 g/nol, and which contain
at least two, typically 2 to 8, and preferably 2 to 4 primary and/ or

secondary hyd or ﬁ@%ﬂ C I ggﬁ. eserided in,
for exanpl e,é%[ePLa{&ém%t , 218, i%%é%jﬁthrrﬁ |§7\8 ?q)tlﬁzco tg' COo %?im 9,
line 32, the thestidchsaure obivhishiis heleby roogiyraieddyreferated by ref erence.

The advantages of the process according to the invention are readily
S5apparent. Both the isocyanates containing carbodiimde and/or

ur et oni i ne_gYQy AAyartitkd GanenARAkY HBLSRGIEHMERVERRIEABOGRAKNI bi t 2

good storage sta Ity  and I ght color. 10 These organic

i socyanat €5 cappaient. ng car bodi i m de and/ or uretoni m ne groups and the
prepol yners prepared therefromare val uable starting naterials for
the preparation of polyurethane plastics and/or foans by the

i socyanat e poBythdtletidoepandtes esstainliy darbodiphitiewndsr exetopihese f ur t her
illustrate details fn(H t he &Eocess of tgi S if}venti % The . i nventi on,
which is set 8QUPH and hePrerpldgsisRyepaed torgrem X (R 99 be Iinited

either in spigdfadd staiBenda fdeesiogxanmpl es. Those skilled in the art
w Il readily understand’that Known variations of the 20 conditions of

the foll oW ng procedures can be used. Unl ess ot herw se noted, all

Lg”\?\:{ SL;J r €s ?‘ﬁgsedgr%%%%sc%laﬁgfég C%H%itﬁlhé cgr%&ﬁfﬂﬁ:lg%%%/oqru?eteﬁﬁﬁﬁgt ages
groups and the prepolymers prepared therefrom are vaiuable 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 s.pirit 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.



- 12 - EXAMPLES: Starting materials: 5l socvanate

A: 4, 4" - di phenyl net hane-di i socyanate having an NCO content: 33.6 w.%
(Desnodur 44Mr), Bayer Material Science AG Catal yst A a catal yst of
t he phosphol i ne oxide type: a 10technical -grade m xture of

1- net hyl - 1- oxo- 1- phosphacycl opent - 2- ene and 1-net hyl - 1- oxo- 1-
phosphacycl opent - 3-ene, 10 % strengtb4pn tol uene Term nator

A trinmethylsilyltrifluoromethanesul fonate (TMST) 15 Pol vol A a

pol yet her pol yol of propyl ene oxide and ethyl ene

EXAMPLES:
Starting materials:
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-1-0x0-1-

phosphacyclopent-3-ene, 10 % strength in toluene

Terminator A: trimethylsilyl trifluoromethanesuifonate (TMST)
15
Polyol 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 at25°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 fo 60 °C
under No 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 N while stirring. Thereafter, the



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 Sci ence LLC) Ceneral
instructions for the preparation of the organic isocyanate containing
carbodii m de and/or uretonimne groups: 25 10 kg technical - grade

| socyanate A, i.e. 4,4i-MJl, were heaygd to 60C under N2, while
stirring, and 352 ng of the catal yst solution, Catalyst A (3.5 ppm
0.3 mmol) Were added. The reaction m xture was heated at 97 C for 240

m n under - .

car bodi i m di Z%J"éﬁ“rﬁé%a %&%aﬁ-[%ﬁ%?& d{dﬁgﬂ ngléi&g wSFNE% . e.

T;a_r m ngt ]cc)r AlTﬁz:’hﬁlnmorrA OLO4EpmMNKE mraoil a*ddethemﬁktureawnasulssmequgent I yt )
stirre or ou Exa ICh agre I n accor nce w
The present | FIEHH 1061 hoa" < PoEramales 15 SogHistufeah SePadanEhIgR, de
[IPDC] in 5Ex rEsent ||€7\re‘h‘ﬂbﬁ”é3§t%19mk@r’1%s‘bpﬁﬁiaﬂ Eaé‘id@l&ﬂ’dndé’{ufﬁ@]m' e 2

p- toluenesulfonic acid nethyl este Exanpl e 3; gaseous
HCl [HC11 §n Examplermost¢hleroprapienidacichoGiPA] in' Exwmpteea exanpl e 4;

T Exanpi e 6) EeRHGTe aREgeh R S BRELR ERAkHs, & PR Ao e
I n 10Conpar i s{HCIEwanBlies af 4 masterbiteh atldiat-Mon lroéxatm@leauddebamal
stabilizer was om tted. Howe i n Conpari son Exan%(% , the anpunt

of TNBT vas | ASAGIRNRICEISEE] ipatarEnlg 5 AIPCOBRPSRHE ERBRpNe 3. 70 ppm
et o 5" EPARESIULENGS L, e SRUN Spur e
15 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

frifluoro-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
foliowing 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.



CGeneral instructions for the preparation of a prepolynmer from
reacting an organi c isocyanate containing carbodiimde and/or
uretonimne 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 N2 while stirring, and the m xture was
kept at 80 C for a further 2 h under _Rg _while stirring. The

prepol yners were characterized by analysis the follow ng day. To

eval uate the stability of the prepolyners, isothermal 25pressure
tests (12 h / 90C) were carried out. The results are summarized in

the followng table. -14- | nst ead of TNST,
trifluoronet hanesul fdnic acid was enployed as the |[termnataof 1n
Conpari son Exanple 3.} - 15 - Conparison Exanples |1 and 2 i3l ustrfate
the positive|influende of the increased anount of {TMST ternd nator] on
the stability, but at] the expense of the color (HAZEN). ConpaEi sgn
Exanpl e 3 shows the atill nmore unfavorable influence of the; g
trifluoronethanesul fgnizc acid v 08
g E, > 8
g S 2 8 32
2 & 5 o &
=z & L £ =&
g
- A
=¥ (g [ B
T E |2 E LR
g_‘ Tt a‘ | Sa—) : '="
P— S—I oL) |<_:1 g) .; o~
= E & 53 8|58 & § ¢
— Q =] < = -
= 5 5 3 © S ;. 2 %
= N N S & T /& & g 3
2 Z 3 g ¥ g3 i g¢
= S & 2 £ £ |& £ 8 &
Comparison § 10 - - 2947 113 37 79 383 6
Example 1
Comparison | 55 - - 2953 349 37 155 383 0.1
Example 2
Comparison § 70* - - 2053 360 36 208 365 0.1
Example 3
Examplel |10 [PDC 200 2967 111 32 102 351 0.1
Example2 |10 a- 100 2965 110 32 83 302 1
CIPA
Example 3 10 p- 100 2948 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.



5 termnator on the color (HAZEN). I'n Exanples 1 to 6 which are
representative of the present invention, an inproved stability was
achi eved, conpared to Conparison Exanple 1, and the good col or |evel
(HAZEN) was al so obtained. 10Although the invention has been
described in detail in the foregoing for the purpose of illustration,
it is to be understood that such detaitb-is solely for that purpose
and that variations can be nmade therein by those skilled in the art
wi t hout departing fromthe spirit and scope of the invention except

as it may be bbmpbﬁgorbExé:hgie@ﬁaﬁasz llustrd@ the WokYivd RiGEMAMEINES: 1. A

process for the preparation of organic isocyanates contai ning
car bodi i mi de mnﬁasedmmmTM@Tgteﬁnmtor@aﬁ%e ptabiligy, bet atifpepartial |y

car bodi i m di zi Q L t he

resance of  oREPerisBRNRN BB (RHER) CoriBa oA l-Rydis 3 BIR e S

subsequent |y hmr@runﬁvbrwlé influeaacbsfdhé IﬂﬂdbMétbmesmﬂfomcm[doy t he

addi tion of aS|I | at ed ac orr ondstothe ormul a:

10X— [ Si (CHB) 3}e(|;ml Qe the 9@?%‘;’@@%‘%{ B'@Fﬂatp S whigh 258)i cal such
representative of the present 1nvent|on 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.



i s obtained froman n-basic acid having a 15pKa val ue of not nore
than 3 by renoval of the acid hydrogen atons, with the proviso that
sui tabl e n-basi c acids exclude hydrogen halide acids, and
20represents an integer froml to 3, and (3) adding a conpound
selected fromthe group consisting of nonsilylated acids, acid
chlorides, sulfonic acid esters and mygtures thereof. 25 2.The
process of CQaim1l1, wherein step (3) the addition of a non-silylated
acid, an acid chloride and/or a sulfonic acid ester is carried out

ei ther sinul tm%ddi tion of the silylated acid, or
subsequent |y f the silylated acid in a separate
step. -17-
1. A process for the preparation of organic isocyanates
containing carbodiimide and/or uretonimine groups, comprising:

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)s]a,

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 chioride 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 Claim1l1, wherein the non-silylated acid, the acid
chloride and/or the sulfonic acid ester are added in anmobunts of in
total between 10 and 11000 ppm based on the weight of organic

i socyanates contai ning carbodiimde and/ or uretonimne groups.

4. The process of Claim1l, wherein the non-silylated acid, the acid
chloride and/or the sulfonic acid estgy-are added in amounts of in
total between 10 and 500 ppm based on the wei ght of organic

i socyanates contai ning carbodiimde and/ or uretonimne groups.

5. The process of {0 ai mybphSlkeirt ket alkrdin WeAidieiffeh ablte aci ¢

chl ori de and/or the sul Ic acid ester are a amounts of in
total betweenths@cihehl@fie ppdfpr thasatfonin ackieesivsi aghadded oy graniats of

i socyanat es cgntaini,ng carbodji pyde and/ or, ur et oni.m L oups.
6. The pr oces’gqgt%| %t&'l%ﬁp%o Wei‘gpﬂpPWegﬂ‘?ﬁg%? %?lg}ap‘gfccﬁga'?:' nprises
optional | y hakoegenatedkontdihinl @b dimitedndryclretniminatdreumnd/ or

aromatic, nono-, di- and/or polycarboxylic acids, sulfonic acids,
HCl, and/ ot phosphoric acid, or nmono- and/or diesters thereof.

7. The process of I al Mg prdbisedritibifiet Wrdin the HoRLiPSIA dcka se! ect ed

fromthe group consisting of: acetic acid, adipic aci
cycl ohexanedi therdsikghioidenandior thechifonio@coigsder are adiddd irbamponts odci d,

pht hal i ¢ acid,_,i t hal ic acj di but vI phosphat.e .and m xt ures
Phereot . & b DBy o4 fhoshrlbassc BB Vg B i

conpri ses onejsgsydmated dsitainivlcarbdiimideanyeduetadimprtdronsd. | v

hal ogenat ed, aliphatic and/or cycloaliphatic and/or aromatic, nono-,

di- - 181Q and/or pol ycarboxylic acids or sul fonic acids, and

carbam c acid chl ofi des 9 4T qof i 8,
wherein the acid géil or isrcs.lee %Og%sr?p?fi%%lgn %‘Eﬁ?@f”ggrgz‘g%%@y’%e@ Wi ori de.
10. The procele azid Ghlatide and/ahthesiufotbackidstendre addied iramennisof

bR L P R R
isocyanates containing carbodiimide and/or uretonimine groups.
15
6. The process of Claim 1, wherein the non-silylated acid
comprises opfionally halogenated, aliphatic and/or cycloaliphatic
and/for 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 one or more acid chlorides derived from optionalily

halogenated, aliphatic and/or cycloaliphatic and/or aromatic, mono-, di-
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and/or polycarboxylic acids or sulfonic acids, and carbamic acid
chlorides.

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

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.



