-1- | MPROVED PROCESS FOR THE PRODUCTI ON OF CARBODI | M DE MODI FI ED ORGANI C

| SOCYANATES BACKGROUND OF THE | NVENTI ON The present invention relates to an
i mproved process for the preparation of carbodiimde nodified organic

i socyanate, preferably 5 polyphenyl meffane polyi socyanates, and nost
preferably di phenyl net hane diisocyanates. This process conprises (1)
neutralizing acidic inpurities in an organic isocyanate, (2) partially
carbodiimdi zing isocyanate groups of the neutralized organic isocyanate,
(3) terninati MPROVED #PROCESS FORTHEPREDUCTIONIOF @ARBODIMAIMEat i on of

i socyanates is known andpispiiEREORGANI®ISOEYNWATESY. S. Patents 2, 853, 473,
4,937,012, 5,202,358, 5,610,408, b, 120,699, ©, 36Z, Z47, and 6, 489, 503, and
in EP 193,787. Carbodiimdization of isocyanates is desirable to provide
storage stable |iquids. BAGKGROUNDIAKITHE INVENTHIOMd | ess expensive to

transport than 15 fused solids or slurries. The |iquids e honobgeneous.
conmposi tions as Srquéﬂt'\ﬂv?ﬁﬁ% réﬁ@sr@@d‘ Wrﬁﬁ%gé?ﬁezséafrﬁéthﬁ th slurries or

f d lid : s : : | | P be added
casily by wayghtrBAOfERRAINAS rodR B REpende, PRALUT Lt st r oom

t enper at §r e.polyphehylrmethahepdlyisocyaniates, taned mestepreférablt el evated tenperature
and the 20 cgrrespondi ng hj gher vapor, pressure of the heated naterials.

Met hods f or q'ﬂﬁﬁ%ﬂﬁ&‘%@a@lsppwn%iﬁgl BPigrpéaeeﬁwqrppwe%ﬁw%@émt es are

5, 726, 240, STHs TREY IR Ah B sogpfets, () peRbal erdediicidfo o' o1 endi ng

or m xi ng arseoyaaategrupgicfdby avatralixéd drganicisozyateater (3)2&rnoinating conpound.
Many of these methods describe inproving the reactivity of polynmer M or
adduct s pr efBe eariodimidisatiomseaction: i al |y have adicity values that well

exceed 2§ ppm as CEASHERHiZ ISR atELR kidwr 8HB Hes&APed in, for
example, U.S. Patents 2,853,473, 4,937,012, 5,202,358, 5,610,408,
6,120,699, 6,362,247, and 6,489,503, and in EP 193,787.

Carbodiimidization of isocyanates is desirable to provide storage stable

liquids. Liquids are easier to pump and less expensive to transport than
15 fused solids or slurries. The liquids are homogeneous compositions as
supplied without the need to homogenize as with slurries or fused solids.
In the production of polyurethanes, a liquid can be added easily by weight
or volume and combined with suitable co-reactants at room temperature.
This is safer than using the materials at elevated temperéture and the
20 corresponding higher vapor pressure of the heated materials.
Methods for improving stability and/or reactivity of polyisocyanates
are also known and described in the art. See U.S. Patents 3,793,362,
5,342,881, 5,726,240, 5,783,652 and 6,528,609. Most of these patents
disclose blending or mixing an organic polyisocyanate with an epoxide or
25 other compound.
Many of these methods describe improving the reactivity of polymer
MDI or adducts prepared from MDI that initially have adicity values that
well exceed 25 ppm as measured using ASTM D 5629. By comparison,

the refined starting materials described in the present invention typically



the refined starting materials described in the present invention typically
-2- have acidity values well under 25 ppm Due to the extrenely |ow | evels
of highly efficient catalyst used in tfe preparation of the carbodiim des
described in the present invention and to the sensitivity of these catalysts

to acidic i "Wé\H éblﬁft% vbfue%éyt%@ﬁ@?éﬁ% pf)ﬁ\. Wé"tﬁ%@%e%ﬁél? Ié\ﬂ%\?@ﬁf‘t of 5

acidity. No e acl socyanat e can ower e 0 |levels
bel ow 25 ppnimgbllycbfﬁclleht eatabtyst uBeg émthenpreparativn eff theaiazbodiimideishe col umms

used in the distjllation oC these | evel s can. be reduced tpo a range of
1530 pom e deseribegingh %Ppﬁﬁ!\?aa@vﬂem ahe SeRslivty ot finse @ipbiefse can 10

be further r | ?0@%9 t gas
t hrough t he l‘r?r)angt)ée{glga% gﬁ% nlpg st Fﬁyt}%%mge?ér}% W?g{bygg%f U S. Patents
4,814, 10%, 6addity.463 and 6, 166 128 di sclose that the color of various
organi ¢ polyi socygnates can be.st | i zed and/ or uced , by the addition of
epoxi des al one or PH“@@Yrﬁﬁﬁé’PldéW (a{n%ﬁ m%e#‘@&%éﬁg%er%mds@ai ng
Application érf%ﬂﬁg %{ggjr@q P , filed in
the U S Pat@ﬁ?@nd eg%m&@} b?%) on ungﬂ?;é?ké , ahg (%h%ﬁgl S
comonl y assmsptbmtheedmmllaaﬁoncprd'mssortmm fenelscan bé rdadun’ed/mb pargeesisi ng
characteristics se TDI pr I Sit S.CO e from about 95
to about 20 bdosm@b%r% SH?S&?%%{ Eq fﬁfg@&e ef hv@ & K5dpa0 e, and
from abowy t: [ Vi oxi de
equi val g‘nt %?1 or? ro blg%&tlt 4@‘? ° (g/out t%ﬁa p%% n‘@repo ?gof TDI
cgrrprl ses tﬂlﬂ%m@athe nmtma)sldutl?]gfdlsftdﬂatmesain USSCS;mﬁL?(%:ont al ning from
about 60 to about % Ight O SO rom ut Oto
Sbout 40 by 25 vk St HE 9% bl 463 a0 16892 incess Ditinec
conponent hacYéIBBBF‘vaﬁdUéCér‘ %s%%ﬁé?%% 28R e §ta§|h?8? abawlr Bqgpey an H
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nunber of from about vantages o he present 1 nvention
i ncl ude | oweby thed additibntofiepoxides alone or in combination with hindered phenols.

15 Copeding Application Serial Number 10/870,126 (Agent docket
number PO8223), filed in the U.S. Patent and Trademark Office on
June 17, 2004, and which is commonly assigned,
relates to TDI prepolymers with improved processing characteristics.
These TDI prepolymer compositions comprise from about 95 to about
20 99.99% by weight of a prepolymer of toluene diisocyanate, and from about
0.01 to about 5% by weight of an epoxide having an epoxide equivalent
weight of from about 44 to about 400. The prepolymer of TDI comprises
the reaction product of toluene diisocyanate containing from about 60 to
about 100% by weight of the 2,4-isomer and from about 0 to about 40% by
25 weight of the 2,6-isomer, and an isocyanate-reactive component having a
functionality of from about 1.5 to about 8 and an OH number of from about
14 to about 1870.
Advantages of the present invention include lower color of the
carbodiimide polyisocyanate product due to quicker processing to form the
30 carbodiimide. The resuiting products can be produced using lower levels

of carbodiimidization catalyst so that the stability of the final product is



car bodi i m de pol yi socyanate product due to quicker processing to formthe

30 carbodiimde. The resulting products can be produced using | ower |evels
of carbodiimdization catalyst so that-g8he stability of the final product is
-3- inproved. Also, the |ower anmpunt of catalyst requires |ess catalyst
stopper whi d t LR i gé{s,ﬁ ow ng of
the final pfrﬁg%rl??:teé AS(%IE\}/MARY g:%r%HE I l{l\%k%{ag\lét réértﬂﬁﬁiséel:érs“%g%ﬁl : %Hes to an
i mproved pr owblm IS@ldVahtageDeﬁanrma catalyst stoppbodam cadse yelhwingdfgbé y et hyl ene

pol yphenylis anat e including those carbodi mide nodified polymnethylene
pol yi socyana cont ain uretonimne groups. This process conprises:
(1) neutrali zi ng aC| di c I NPYUNMMARY IOF IHNPOINVENTIOROCYanate, preferably a
pol yi socyanate of the 10 di phenyl'methane series, wth an acid scavenger, (2)

partially car bodThmldVemthl nejaieyémanenmrmqstp@rcesaéonibatpfapaaeé@nmfgan| c

Lereyanat s, Shbddfmidk Raties halvmenRiaiL pRRHEn Set andBS, reliidd) o or ot ner

sui tabl e poi gRRe dafbSHiRIHEFNSSifIBH PBIYMEthRlePeqitlyisSMRINt e whidkechitaress may
also 15 conprise(1l) partially carbodiimdizi (r)lgml socyanate groups of an

organic |sou5eimrrunavgf¢urss J@u&pmsefaomwsw hn@ub'ahzmguawhcype (2)

neutral i zing urities in rbodiimdi.zed i socyanate
by adai t | on- BRSTLEsRiA Soabistiseryanalts majerply pabeRgvendle orife

car bodi mg di a@hbﬁwnﬁ@aﬁhé@aneéaﬁm bﬁ%chj’s@é{@ngbﬁrw?baﬁlbll?m d stopper or

ot her suitabl e polson. In a preferred enbodi men the  process of the

present i nvemnbodunmalognmwa@ate gl'dl!@tsms‘ the eeutrahzetbo@wuwocylamate
carbodiimdiz st al | t he a red, carbodiim de
nodified is ﬁegn%ﬂs[@ﬁ'é%ﬁﬁ"‘? RhGsK SF%{SO% la@gip(;g?g?or NG Uper at ure. In
the pr esencéal‘bbdﬁﬁﬁcﬁﬁétldrﬁﬁé‘déﬂﬁﬁttﬁ aHdmbiPof ﬁé@i@%ﬁ dthéesuitae polsonor m 25

uretoni mne groups. The equilibridmfavors the uretonimne at room
tenperature. The lraccordancewith the psesentdnvantion, theouraceds maypalsat ur es

15 comprise(1) partially carbodiimidizing isocyanate groups of an organic
isocyanate with a catalyst of the phosphorous oxide type, (2) neutralizing
acidic impurities in the partially carbodiimidized isocyanate by addition of
an acid scavenger, and (3) terminating the carbodimiidization reaction
reaction by addition of an acid stopper or other suitable poison.

20 In a preferred embodiment, the process of the present invention
also inherently forms uretonimine groups in the carbodiimidized
isocyanate. Almost all of the above prepared carbodiimide modified
isocyanate groups form uretonimine groups at room temperature. in the
presence of excess isocyanate groups, carbodiimides rapidly form

25 uretonimine groups. The equilibrium favors the uretonimine at room
temperature. The uretonimine is less favored at elevated temperatures
and regenerates isocyanate and carbodiimide.

The present invention also relates to liquid stable organic
isocyanates containing carbodiimide groups and/or uretonimine groups.

30 These isocyanates preferably have an NCO group content of from about

23 to about 32%, and preferably comprise (1) one or more



and regenerates isocyanate and carbodiinide. The present invention also
relates to liquid stable organic isocyanates containing carbodiimde groups
and/ or uretonimne groups. 30 These iggc_yanat es preferably have an NCO
group content of from about 23 to about 32% and preferably conprise (1)

The DI ser fpbenRETRARS Chiseianaiss S0 GbRlser POBIJRGHRSS) heddBY (2) “oneor
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content of from abou 0~ about nd conprise (1) Tromabout 60 to
| ess than 90epwxideri ght of MDI, (2) from 10 to 40% by wei ght of

carbodi i m de and/ uretonimn and (3) .epoxide. The nt of epoxide
resent i the conpelideanaes SrndBresst ihion have S NG Wad os & by

wei ght ofs (13enteRd offem(about 23abSabbd® %2hy aM@ icBhipride (1 hfrohsasy@ed & 10

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Any organic isoCcyanates nay be used as

starting matlessdhan PBPo byweightof 8401, d2rtean Hyta 40%ly weighiiofon. However, the
process accordi ng..to the, i _nvetnti an i s (ﬁr@ferabé%/ sed for tﬂe id

car bodi i mi di SHPPHHMEIE BRY/QRUESIORIMIOG 9% PRI g gpouptahepoxide

pol yur et hanepfdi@nt i the copipd bR islieldtRel) SAGN TR 8SmVbTithE g@)byoe used in

formng the 1socyanate conpositions in accordance with the present

i nvention i nekight ofibho (@rand (Jitotats §80 %t kisweight op the/isocrgnatet es. Sui t abl e
nmononeri ¢ dii socyanat cse f R(NCO) 2 in which
R repres@nts an orgaﬁjETgﬁzEﬂwek ﬁﬁ:%ﬂ@&\/éﬁ%@ocyanate gr oups
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froman 20 organi angidrgi¥dsstyanBes My deTyeRCad ﬂam}ﬁ% AHteRdls oo 56 to
1,000, preferably about 84 to 400. Diisocyanates preterred for the process

accor di ng t opracess acearding tathe inkertion. éfowevar: the pypcess agoerding trthel a i n
which R represents a divalent aliphatic, hydrocarbon group.having 4 to 12
car bon atons',nvﬁné?r\'/éﬁ o ef@\?& lésdﬁd &Hi??gam?éﬂgu@?ﬁﬁw 8?8 Yavi ng 6 to 13

diisocyanates of the type used in polyurethane chemistry. Suitable

15 polyisocyanates which may be used in forming the isocyanate
compositions in accordance with the present invention include monomeric

diisocyanates, and polyisocyanates. Suitable monomeric diisocyanates
may be represented by the formula R(NCO), in which R represents an

organic group obtained by removing the isocyanate groups from an

20 organic diisocyanate having a molecular weight of about 56 to 1,000,
preferably about 84 to 400. Diisocyanates preferred for the process
according to the invention are those represented by the above formula in
which R represents a divalent aliphatic, hydrocarbon group having 4 to 12
carbon atoms, a divalent cycloaliphatic hydrocarbon group having 6 to 13

25 carbon atoms, a divalent araliphatic hydrocarbon group having 7 to 20
carbon atoms or a divalent aromatic hydrocarbon group having 6 to 18
carbon atoms. Preferred monomeric diisocyanates are those wherein R
represents an aromatic hydrocarbon group.

Examples of the suitable organic diisocyanates include

30 1,4-tetramethylene diisocyanate, 1,6-hexamethylene diisocyanate,

2,2 4-trimethyl-1,6-hexamethylene diisocyanate, 1,12-dodecamethylene

diisocyanate, cyclohexane-1,3- and -1,4-diisocyanate, 1-isocyanato-2-



25 carbon atons, a divalent araliphatic hydrocarbon group having 7 to 20
carbon atons or a divalent aromati c hydrocarbon group having 6 to 18 carbon
~atons. Preferred nononeric diisocyanatessare those wherein R represents an
aromat i ¢ hydrocarbon group. Exarrpl es of the suitable organic diisocyanates
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and/ or 2, 6- helisogyanate| hm@yamatsuo Ayled (3)- I@cyanamﬂetmyucwmgxa@@e

di i socyanat e an [ 2.,.6- t ene dilsocyvan 4' - and/ or
2 4 i phenpr bt iRELS NGk dplEn ElsgRIEABah 3 auri AR

m xtures 10 bh%@,@‘naté\rzmnéh@/opql&t@@éu@aﬁé&sjaﬁaw 2,71 NB48 P/ 8-

i socyanate groups such as 4,4 -triphenyl net hane trii socyanat e and

pol ynet hyl eneilphﬁnyyppﬁ@wld@@@mmee% dﬁmva@aiomamﬁb@lgaﬁ@mdﬂ@lxtures

ani | i ne/ conde Uit / or

0l yi socyinatae et Ao eiEigRoEEls BhiBitRo 25 o sheVaaR ety ot ca 1y
have NCO gr ogpch@iat£at 4 -friphehfamsthard tiiSoc i aﬁ@%olﬁh lgHe and/ or

pol yi socyanates typically have NCO group ‘contents of at Ieast about 25%

preferably atpol¥p ensdls@gyar:m%)a@uam%i by phesgengiing aniline/tormaldehnde33% The
Pess than or conaanseB8sSal SRR FER, 2070 | cos than or Squal to 40% and
nost preferably ofgliedfe dbandfir RAYSOcyaMatesH s bd ieasstrdbhes wWithahes may have
an NCO group content ranging
15  present invention typically have NCO group contents from about 25 to
about 50%. These di- and/or polyisocyanates typically have NCO group
contents of at least about 25%, preferably at least about 30% and most
preferably at least about 33%. The polyisocyanates suitable herein also
typically have NCO group contents of less than or equal to 50%, preferably
20 of less than or equal to 40% and most preferably of less than or equal to
34%. The polyisocyanates may have an NCO group content ranging
between any combination of these upper-and lower values, inclusive, e.g.,
from 25 to 50%, preferably from 30 to 40% and most preferably from 31 to
34%.
25 The most suitable organic polyisocyanates of the present invention
are based on diphenylmethane diisocyanates and polyphenylmethane
polyisocyanates which have the above disclosed NCO group contents. Itis
preferred that the polyisocyanate component comprise 100% by weight of
purified diphenylmethane diisocyanate and 0% by weight of
30 polyphenylmethane polyisocyanate, with the sums totaling 100% of the

polyisocyanate.



bet ween any conbi nati on of these upper and | ower values, inclusive, e.g.,
from25 to 50% preferably from30 to 40% and nost preferably from31l to
34% 25 The nost suitable organic pol yLgacyanates of the present invention
are based on di phenyl met hane dii socyanates and pol yphenyl net hane
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polyisocyanates may have a polymeric MDI content ranging between any

15 combination of these upper and lower values, inclusive, e.g., from 0 to
40%, preferably from 0 to 25%, more preferably from 0 to 10% and most
preferably from 0 to 2%. Obviously, when polymeric MDI is present, the
sum of the monomeric MDI content and of the polymer MDI content totals
100% by weight of the MDI.

20 Suitable polyisocyanates of the above described monomeric MDI
contents, typically have an isomer distribution of 2,2’-, 2,4’- and 4,4’-MDI
as follows. The % by weight of (1) the 2,4’-isomer of diphenylmethane
diisocyanate is typically at least about 0%. The % by weight of (1) the 2,4'-
isomer generally is about 60% or less, preferably about 10% or less, more

25  preferably about 2% or less and most preferably about 1% or less. The
diphenylmethane diisocyanate component may have (1) a 2,4'-isomer
content ranging between any of these upper and lower values, inclusive,
e.g., from 0 to 60%, preferably from 0 to 10%, more preferably from 0 to
2% and most preferably from 0 to 1% by weight. The % by weight of the

30 (2)2,2-isomer of diphenylmethane diisocyanate is typicaily at least about
0%. The % by weight of (2) the 2,2’-isomer generally is about 6% or less,

preferably 1% or less, more preferably about 0.2% or less and most



20 Sui tabl e pol yi socyanates of the above descri bed nononmeric MD contents,
typically have an isoner distribution of 2,2'-, 2,4'- and 4,4'-MJl as
follows. The % by weight of (1) the 2,4%-isomer of diphenyl nethane

dii socyanate is typically at |east about 0% The % by wei ght of (1) the
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monomeric diphenylmethane diisocyanate.

A particularly suitable isocyanate component for the present
invention comprises 80 to 100% by weight of diphenylmethane
diisocyanate and 0 to 20% by weight of higher functional polyisocyanates

20 of the diphenylmethane series, wherein the diphenylmethane diisocyanate
comprise from 40 to 80% by weight of the 4,4’-isomer, from 0 to 8% by
weight of the 2,2’-isomer and from 20 to 60% by weight of the 2,4’-isomer,
with the sum of the %’s by weight of the 4,4'-isomer, the 2,2’-isomer and
the 2,4’-isomer totaling 100% by weight of the monomeric

25 diphenylmethane diisocyanate.

Another particularly suitable isocyanate for the present invention
comprises 90 to 100% by weight of diphenylmethane diisocyanate and 0
to 10% by weight of higher functional polyisocyanates of the
diphenylmethane series, wherein the diphenylmethane diisocyanate

30 comprise from 96 to 100% by weight of the 4,4’-isomer, from 0 to 1% by
weight of the 2,2’-isomer and from 0.1 to 4% by weight of the 2,4’-isomer,



A particularly suitable isocyanate conponent for the present invention
conprises 80 to 100% by wei ght of di phenyl net hane diisocyanate and 0 to 20%
- by weight of higher functional polyisocganates 20 of the di phenyl met hane
series, wherein the di phenyl net hane diisocyanate conprise from40 to 80% by

i ght of the.d,.4' -i , 0 to,8%b i ght  of 2.2 - d
from 20 o oBffe sRERT sy Beldht iRl + gtk fh 2Ficorfef w95 s by
wei ght of t hthed2 4'-idoréretotalingel (0% by wéIgBT ofthe mbhémérid' -1 soner totaling

100% by wei ght of the nononeric 25 di phenyl net hane diisocyanate. Another
parti cul ar | ydiplienyisnethpee djiseeianateyr t he present invention conprises 90 to

100% by wei ght of ,di ) n I 0 A I ght of
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the di phegyl a@ﬁfpﬁe@sdbosypsyww%m ol disrsryirnethanediisdtyamaté0Rithlaie wei ght  of
the 4,4 -isoner, fromO to_|1%Dby weight of the 2'-isomer and fromO0.1 to

( 2 !
4% by wei ght dphenyinethane dijsaeyanate comprigingfEone 8@ tor 100% by, weight @éi ght of
the 4,4'-iso b lyo . e T l¢] % by
wei ght of thgﬂn%#o%g)rni%ec’fr8h§ﬁgsn}§/lI/ﬁgg%ér@%acﬁit@%gy%ﬂg&gé Ahd Or];g? i cularly
sui t abl e i sodyabpueighstrofithe 2pr esemer, iwitietiiel sum o5 tise pPs byaseighDsh thg wei ght  of
di phenyl net hane diisocyanate, with the diphenyl net hane diisocyanate
conpri si ng f KOMeTS telgling JRDEy byweiaht afthe menamaric dipkeayimethapeo to 1% by
wei ght t hq. '-isoner and from0.1 to 4% by weight of the 2,4'-isoner,
W th thg{%umaggo%ﬁgbfﬁ?s by weight of the isoners totaling 100% by wei ght of

the nononeric di pBeitsbkeddmpeuridd @i bes asedasiaid Setvishigess potmegragent o be used
as acid scavengers in the present invention include conmpounds such as, for

exanpl e, pur BVestian éclede eampaunds gl gsofor exampigRiTEdNetalh Saltidghesi um
sodi um o2 Cbbes U8 Bel dind b dHdRm 8588, cBRbLRZERANHUE oG ¢ sal

mixtures thereof; any carboxylic acid salt as described in, for example,

15 U.S. Patent 4,272,441, the disclosure of which is herein incorporated by
reference; basic solid materials in particulate form including compounds
such as, for example, sodium carbonate, sodium bicarbonate, calcium
carbonate, calcium oxide, potassium carbonate, potassium bicarbonate;
basic materials absorbed onto or grafted onto insoluble resin matrices, for

20 example, amine compounds grafted onto crosslinked polystyrene;
epoxides such as liquid epoxides including liquid aliphatic epoxides,
epoxidized oils including, for example, epoxidized dimer and trimer fatty
acids, epoxidized mono- di- and triglycerides including those of vegetable
or animal origin; etc.

25 Among the suitable active metal-containing acid scavengers are
included compounds selected from the group consisting of sodium
stearate, magnesium stearate, zinc stearate; magnesium or
magnesium/zinc hydrotalcites, optionally coated with 5 to 50% of metal
stearate; zinc oxide, zinc hydroxide, calcium oxide, calcium hydroxide,

30 magnesium oxide and magnesium hydroxide, and compounds such as, for
example, L-55 R: hydrotalcite, a magnesium aluminum hydroxide

carbonate hydrate, coated with 18% sodium stearate, available from



15 U. S. Patent 4,272,441, the disclosure of which is herein incorporated by
reference; basic solid materials in particulate formincludi ng conpounds
such as, for exanple, sodium carbonate, gsodi um bi carbonate, cal cium

carbonat e, cal ci um oxi de, potassium carbonate, potassium bicarbonate; basic

terial b fted . ont oqj |, upl ' tri f 20
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magnesi um zinc hydrotalcites, optionally coated with 5 to 50% of netal

stearate; zi$eRluble salts iprlyding erdniuge lawrale; cohalicibgazoaty, éefiig hydr oxi de, 30

magnesi um oxj | U | ng c d , for

exanpl e, L- 5@9;&1&%&@%@%’@@%9%%@2%% gqruén%nghéﬁ‘of%@? car bonat e
hydrate, coaB@é4yd36) théUistishureos whidtaischeraimaintaiporated iy redereRebei s | nc,
Ber kel ey Hei 8hts, NJ., USA, and Hysafe 510: a magnesium hydrotalcite,

avai | abl e f r Blsojsuitable grathecsnlis hydratalcitegeand amerphays basic alunpiRgm sui t abl e
acid sc ng ' [ oy , di scl osure of
which is erfgl{a n?%@ﬁ%%ﬁﬁ%%ﬂ?eértgﬁg%ag c%ﬁ?ﬁﬁ?a%éltgﬁtsscavengers for

present i nvedi 2788, 50106808 08,234|964n4nd 6 2R BEY,thé disolastresiohghigkdm um
| aurate, cobaltic benzoate, ferric naphthanate and the |ike as descri bed
in, for exanpleherginsincogmarated by pefarer®s. the di scl osure of which is herein

| ncorporated by 1 ehete0Ge ot LR AAL WRnH fhe! dtive thethl BfANRGC! L es. and
8 sucn as

anor phous basi c al um num magnesi um car bonat’es, ose¥described in
U. S. Pat ent scompddrd$ldre the hoétal) the bxided a9athadriodAb adity saitdrét di scl osures

of whi Ch15 should be noted further that the oxides must be utilized at a smaller

concentration than the salts. If the oxides are utilized at somewhat above
their ranges disclosed below, then what happens is that they inhibit the
cure of the composition and the composition based on the carbodiimide
and polyol coreactants will cure slowly if at all, depending on how much of

20 the materials has been placed in the composition. It must be noted that
preferably there is utilized the foregoing materials of zinc, aluminum and
magnesium as acid scavengers in the instant composition. The carboxylic
acid salts of zinc and magnesium, operate in the present invention and the
oxides of these metals should also operate within the scope of the present

25 invention as acid scavengers.

Among the suitable materials of zinc, sodium, calcium, potassium,
aluminum and magnesium as acid scavengers in the instant composition
are the carboxylic acid salts of zinc and magnesium, and thé oxides of
these metals. Accordingly, only slightly basic or amphoteric metals would

30 be desirable and/or suitable as acid scavengers in the instant invention. If
the material is slightly basic or amphoteric it will absorb the acid that is

given off during the hydrolysis to form an innocuous salt without detracting



are herein incorporated by reference. The nost preferred materials within
the active netal -containing conpounds, are the netals, the oxides and the
carboxylic acid salts. It 15 should hegwted further that the oxides nust
be utilized at a smaller concentration than the salts. If the oxides are

utilized at BOHOBhaPlRE orbBBies NS BalpBSkBRCACRSI My 60 what happens
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operate within the scope of the present 25 invention as acid scavengers.
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met al s. Accdd@.Ratgnt 4680,383, te Hisclosare obwhihib dteesbycintetporateddy d 30 be
desirable and/or suitable as acid scavengers in the instant invention. |f
the materi al’ef&€8F®ght |y basic or anphoteric it will absorb the acid that is
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scavenger s astartingonatesiats dessstirrdabdnd the Solid sxsuhsequently EembBaedby 4, 680, 363,
the di S%%OS%Iterat?gn.\?ﬁiaCQaticﬁ rrqgéee gge}art]i%%f %r &éeegf ggitation may be beneficial
in improving base efficiency. Typical means of agitation include the use of
mechanical stirrers at speeds ranging from about 400 to about 1200 rpm.
Lime or sodium carbonate has been suggested to be used as in U.S.
Patent 3,793,362, the disclosure of which is hereby incorporated by
20 reference.
If the neutralizing compound is extremely efficient, the solid material
can be loaded into a column and the liquid isocyanate or isocyanate
solution is passed through the column. In a continuous mode of operation,
a fixed bed of solid material may be used and product to be treated
25 pumped through the bed. These processes may be run over a wide range
of temperatures from about 40 to about 200°C. Preferably the temperature
range is from about 40 to about 100°C, and most preferably from about 60
to about 90°C. The pressure of the system should be in the range of 20 to
75 psig. Suitable solid materials for these processes are commercially
30 available ion exchange resins that contain basic groups including but not
limited to tertiary amines. One such of these materials is available from

Rohm and Haas under the product tradename Amberlite IRA900 or from



reference. 10 Acidity can be neutralized fromthe isocyanate by contacting
It wwth these basic substances that are in the solid state. In a typical
enbodi nent, the process of the presentqjnvention may be carried out in both
batch and continuous nodes. Slurries o}] the solid materials in the liquid

| socyanate starti mat eri al s ar tirred he solid is subsequently
renmoved by 1§YF}H'} &g?%‘?@ﬁs Pﬁ'&"@é&é@f’%ﬂfﬁl&s B@gsgbr on, the use of agitation
may be benefi ci al Botof tHais8\thBthod8 Hite ®ds Srefilfdd béxaselt isBMcuIaftoagi t at i on
include the use of mechanical stirrers at speeds rangi ng fromabout 400 to

about 1200 r pgmove theeselidssefficiently anddharselith aratpaals jpig@sidvabe used as
in U S  Patent 3. 36 he, di sc r lch is hereby incorporated by
20 refer encefs%wgl?%é 'Hgﬁﬁ?%f’faﬁﬁ‘ifgaschﬁ%%{?ﬁag&@%@t renely efficient, the solid
material 5can be hﬁ?%rﬁi@él%mﬁ&imhm%dméinhitﬁéie?)okmc(b&ﬁéhé) or

i socyanate solution is passed through the colum. In a continuous node of
operation, fundtigealityds msst suitableras tbeiagid pegvangeaide thapesenbduct to be
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tenperat ure tHeafigl dasbddiPnidaprodudOThe téme tépdhids’, orlephoRsas Bsed er ably from
about 60 to about 90C. The pressure of the system should be in the range of
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| RA900 or from-11- Sybron Chenmicals as Lewatit MnoPlus MP 500. Both of

t hese net hodgbtgirthepelyjsosyanatecrapepesitiens with soppistent ieaetivity proiles o  he
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the epoxi de gagiatileRbxides is from about 44 to 400, preferably 100 to 350 and most
15  preferably 150 to 300. Both aromatic and aliphatic polyepoxides may be
used, and are well known. Suitable epoxides are described in U.S. Patent
5,726,240, the disclosure of which is hereby incorporated by reference.
It is somewhat less preferred that the epoxy comprises an aromatic
polyepoxide due to the tendency of them to cause yellowing as well as
20 their reduced efficacy. Examples of such aromatic polyepoxides include
but are not limited to those selected from the group consisting of the
polyglycidyl ethers of polyhydric phenols; glycidyl esters of aromatic
carboxylic acids; N-glycidylaminoaromatics such as N-glycidylamino-
benzene, N,N,N',N'-tetraglycidyl-4,4'-bis-aminophenyl methane, and
25 diglycidylaminobenzene; glycidylamino-glycidyloxyaromatics such as
glycidyl-aminoglycidyloxybenzene; and mixtures thereof.
The aromatic polyepoxide resins, comprised of the polyglycidyl-
ethers of polyhydric phenols including bis(phenol A), are also less
preferred because they contain hydroxyl groups and thus, react with the

30 polyisocyanate mixtures. Thus, this reduces the isocyanate content. Also,



functionality is nost suitable as the acid scavenger in the present

I nvention. These materials are soluble in the isocyanates and remain in the
final carbodiimde product. The term "eppxi de" or "epoxy" as used herein
refers to any organi C corrpound or resin containing at |east one 10 group
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phenol s incl udi ng bi s(phenol , are also less preferr because they
contai n hydr dwyldegnbutqigemndl triglygeidyl labcyanmeteB(anpdhyse@cpmﬂg m Xt ures.

T ot SR G LA XETRY A ben ity e on R aRRRT o, 1C, e
reason. The ﬂfrﬁéleargﬁ,etu@,n@mbel@éf EREohis@mcdifictharbltand thealigiperpldtnersar e t he
al i phati c epoxi des whi ch do not contain hydroxyl gr oups.
15  of other diols known to those skilled in the art, 1,4-bis(2,3-epoxypropoxy)-
benzene; 1,3-bis(2,3-epoxypropoxy)benzene; 4,4'-bis(2,3-epoxypropoxy)-
diphenyl ether; 1,8-bis(2,3-epoxypropoxy)octane; 1,4-bis(2,3-epoxypro-
poxy)cyclohexane; 4,4'-(2-hydroxy-3,4-epoxybutoxy)-diphenyl dimethyl
methane; 1,3-bis(4,5-epoxypentoxy)-5-chlorobenzene; 1,4-bis(3,4-
20 epoxybutoxy)-2-chlorocyclohexane; diglycidyl thioether; diglycidyl ether;
1,2,5,6-diepoxyhexane-3; 1,2,5,6-diepoxyhexane; those containing ester
groups such as ERL 4221, a product of Dow Corporation, as illustrated in,
for example, U.S. Patent 4,814,103, the disclosure of which is hereby
incorporated by reference, and mixtures thereof.
25 Other useful epoxides are listed in, for example, U.S. Patent
3,298,998, the disclosure of which is hereby incorporated by reference.
These compounds include but are not limited to those selected from the
group consisting of bis[p-(2,3-epoxypropoxy)phenyllcyclohexane;
2,2-bis[p-(2,3-epoxypropoxy)phenyllnorcamphane; 5,5-bis[(2,3-epoxypro-
30 poxy)phenyllhexahydro-4,6-methanoindane; 2,2-bis[4-(2,3-epoxypropoxy)-
3-methylphenyllhexahydro-4,7-methanoindane; and 2-bis[p-2,3-epoxypro-

poxy)phenyl]-methylene-3-methylnorcamphane; and mixtures thereof.



5 Suitable for use are C2-Cl18 aliphatic epoxides such as, for exanple,

et hyl ene oxi de, propyl ene oxide, 1,2-butene oxide, 2,3-butene oxide (cis
and/or trans), isobutylene oxide, 1,2-pegtene oxide, 2,3-pentene oxide,
cycl opent ene oxi de, 1,2-hexene oxide, cyclohexene OXIde and the like and
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2, 2-bis[p-(2, 3- epoxypropoxy)pheﬁﬁl]norcanphane 5,5-bis[(2, 3- eonyEro 30
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acid triglycerides available from natural or synthetic sources. The fatty acid
group, which is connected to glycerol by an ester bond is usually a Cg-C24

monocarboxylic acid (linear or branched; saturated, monounsaturated, or
polyunsaturated). Such fatty acids and their equivalents are readily

20 available at low cost from natural sources such as edible triglycerides.
Specific illustrative fatty acids suitable for use include, but are not limited
to, eicosanoic (arachidic) acid, heneicosanoic acid, docosanoic (behenic)
acid, elaidic acid, tricosanoic acid, tetracosanoic (lignoceric) acid, caprylic
acid, pelargonic acid, capric acid, caproic acid, lauric acid, palmitic acid,

25  stearic acid, oleic acid, cetoleic acid, myristic acid, palmitoleic acid,
gadoleic acid, erucic acid, rincinoleic acid, linoleic acid, linolenic acid,
myristoleic acid, eleostearic acid, arachidonic acid, or mixtures or
hydrogenated derivatives of these acids. The fatty acids may be derived
synthetically or from natural sources such as triglyceride lipids. Mixtures of

30 fatty acid entities, such as the mixtures of fatty acids typically obtained by
hydrolysis (splitting) of a triglyceride are also suitable. These fatty acid



Resin, Lee and Neville, MGawH |Il, New York (1967) and U.S. Patent
3,018, 262, both of which are herein incorporated by reference. Al so,
sui tabl e epoxides for use in the presemqinvention include the 5 epoxidized
dinmer and triner fatty acids, which are forned by epoxidizing the products
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sunflower oil, epoxidized linseed oil and epoxidized train oil.
The quantity of acid scavenger to be used in accordance with the
present invention generally ranges from about 10 to about 10,000 ppm,
20 based on the weight of the polyisocyanate starting material. Acid
scavenger is typically present in an amount of at least about 10 ppm,
preferably of at least about 50 ppm, more preferably of at least about 100
ppm, and most preferably of at least about 150 ppm,. The quantity of acid
scavenger is generally less than about 10,000 ppm, preferably less than
25 about 5,000 ppm, more preferably less than about 2,000 ppm, and most
preferably less than about 1,000 ppm, based on the weight of the
polyisocyanate starting material. The quantity of acid scavenger present
may be present in an amount ranging between any combination of these
upper and lower ranges, inclusive, e.g. from 10 to 10,000 ppm, preferably
30  from 50 to 5,000 ppm, more preferably from 100 to 2,000 ppm, and most
preferably from 150 to 1,000 ppm, based on the weight of the

polyisocyanate starting material.



-14- triglycerides include, but are not limted to, fats and oils such as
tallow, soybean oil, cottonseed oil, coconut oil, palmkernel oil, corn
oil, fish oil, lard, butterfat, olive.ggl., palmoil, peanut oil, safflower
seed oil, cocoa butter, sesanme seed oil, rapeseed oil, sunflower seed oil,
as well as fully : j T=Te 1 vVatj-y: m xt ures of
these triglyceri dgg}tgb%%%(t?ﬁ%{z%fgpﬂgg@gﬁgﬁﬁd'?@Edpnaﬁécéﬁﬁé’?l@ﬁe preferred. The
process accoisdcpanate cdmpgrerstdmaccondance withcthe freseat invedtianuincludet h a nunber
of epoxidized triglycerides of vegetable or animal qrigin. The only

Cequl remen; _pul aichotirtadincatelietsofthe niaseRGrom e dns sels 36 houl o be
present. Thu i HAfindl hA: O 4 : e, those
cont ai ni ng frég’n?g'ggﬁﬁpge’to abgucﬁagyoé)é%%%ﬁgﬁtg%&re'g]oc;(s{pg@hng%gmeélr?f Product s
cont ai ni My f pbosptmene 4-oxideband phoSphbleneci-ghifides. Sejialliedzhasphgbime ar e
particularly suitable. They can b roduced fromth ollowing fats and
D1 Cheot | 1 SRR NGde BT PXEMMIG I3 CorSsOndS e BrMBSpa 12 oi | and,
preferably, cottonseed oil, soybean oil, sunflower oil and linseed oil.
Preferred starting materials are epoxidi zed soybean oil, epoxidized

sunfl ower oil, epoxidized Ii il and e d train oil. The quantity
of acid scavenger to be use orcedce With th present invention
general ly ranges from about bout 10, Q0 pp 20 based on the wei ght
of the polyisocyanate startin terial. Acidsgdvenger is typically present
in an anount of at |east aboWI@\ppm prefe%bN( of at |east about 50 ppm
more preferably of at |eastOabout GHY ppm @nd nmo€H;preferably of at |east
about 150 ppm . The quantity of acid scavenger is generally |less than about
10, 000 ppm preferably | ess than 25 about 5,000 ppm nore preferably |ess

ot hoovll gnes ge BRELEAT VU RAGRLE P2 368 376 dlssrituPe Shute DD, PPV 0P %0cr g
scavenger pr pgfsby inb@iporstedBERAérenBe A0 tHRETItableddithlySt PR hiERElIs@nY

conbi nati on of these upper and | ower ranges, inclusive, e.q. from10 to
10, 000 ppm krewetalpeysuitable carbodiimidization catalysts are described in, for

example, U.S. Patent 6,489,503, the disclosure of which is hereby
incorporated by reference. As described therein, phospholene 1-oxides

15 and phospholene 1-sulfides correspond to the formulas:

b-CI CH-e b-C C-e
and l |
a-C__ALhd a-HG CH-d
~p—
AN s
R X R X

wherein a, b, ¢ and d are each selected from the group consisting of
20  hydrogen and hydrocarbyl from 1 to 12 carbon atoms inclusive, R is
selected from the group consisting of lower alkyl and aryl and X is selected
from the group consisting of oxygen and sulfur. The above phospholene
compounds and methods for their preparation are described in U.S.
Patents 2,633,737, 2,663,738 and 2,853,473, the disclosures of which are
25 hereby incorporated by reference. The 3-phospholenes can be isomerized

readily to the corresponding 2-phospholenes by thermal treatment or by



30 from50 to 5,000 ppm nore preferably from 100 to 2,000 ppm and nost
preferably from 150 to 1,000 ppm based on the weight of the polyisocyanate
starting material. -15- Suitable catalysgs for the carbodiimdization
reaction of the isocyanate conponent in accor dance vvith t he present

i nvent i on i nedkigifhg Wih faﬁré‘qedwus|6d§'eté‘-’oddlkelo§§fi@ Vet &falt JsuRBpsphor ous oxi de
type series such as , comercia aval abl e m xtures of
phosphol i ne Amamgn @@h@@pf»@bw 3B, dQQéeiQ@&d?thtatwa@Ommurfdsdes

L2 o PrORRRRL B AL5S b 8nyL gt Ge- L RE. SRBESPILS 19 L0

Patent 5, 203)65&/1 Z—bﬁo@brﬁﬁéﬁé—m&q@é mhéhyll-zﬂphb%ﬁtﬂénéﬂcéhIﬂ@éa’(-%th)}ll-y
ref erence her” suitabl e catal ysts al so known to be suitable

car bodi i i di Z-Jthocsnh@@makwweaﬂeetbwsmmw 2-phospholepgahpkide; UrethylPat ent

Gescr bed t heTRRVERREESRBPleng"t S{iE. 874 B iso Bt ARetiReids 5 £l dee”r S
correspond t gofr&8&pdritling térthe atbo\ié famedompeouhds!. Aldo, ptyraelledugd+ d a- HC CH-d

RXRP X wherein a, b, ¢ and are each selected fromthe group consisting
of 20 hydr olbﬂsmmem@:ax@l@anawbefemmpyed@p@gmcausbmSathﬂvmg FROWENGe, R is

sel ected from ou onsi sti,n s sel ected
fromthe gr oHBﬁ%gﬂgé)ﬁrﬁR% %%%fﬁ)@nld%gﬁth #X%Rgr&f%& Hﬁ) p%othgne
conmpoundg) anfblleRinPSFudttre tdsediscibsed i Bt S OPafhe 464D ke idisdibsures Pat ent s
2,633,737, 2,663, 738 and 2, 853,473, the disclosures of which are 25 her eby

i ncor por at edobwhichfpatentscare mxprasshy begshy ispemoratediday iefeiencez Ehese
recurring units are represented by the structure:

CH3 CliHa
l
-_ H2C— _ _C—CHZ—

C— O_ CHZ—CHZ——N_CHZ CHZ_O_C

O CI:HZ 0
PZ=
H,C C|3H2
15 Also suitable are the diaza- and oxaza-phospholenes and —

phosphorinanes described in U.S. Patent 6,489,503 which correspond to
the general formula:

C.H,
"X

Y
N,
y'd \

3

NH—R"

o

20  wherein C,Ha, represents alkylene from 1 to 12 carbon atoms, inclusive, at

least one and not more than three adjacent carbon atoms and said



readily to the correspondi ng 2- phosphol enes by thermal treatnent or by -16-

refl uxing with an aqueous base as disclosed by Quin et al, Journal Anerican
Chem cal Society, 33, 1024, 1968. Repregentative conpounds wi t hin the above
cl ass are 1-phenyl -2-phosphol ene-1-oxi de; 3-nethyl-1- phenyl -2-phosphol ene-1

-oxi de: 1 pm?mhe%aai&%mﬂm.rﬁsch ,rﬁkb'nte'éifdoflwﬁnbhxé aﬁa%h@a‘%wmeﬁ‘“e 1

-oxide; 1l-eth 3- net hyl - 2- phosphol ene- 1- oxi de; 1-et
3- net hyl - 2- pdmﬂagplaod@f mdmdh suatiaaihed tarld, thbebys@nmpluet:nghbe pletﬂrenyecﬂlc

di tq,t.h d d hol
oxi de. may bel vy SateRErPATER G OTRGSE e o] Ryaliaisorialig PRET ' ¢
exarpl o, " as ¢ gahwiestons, hcsiFe A ndlol AP Scay0atdRsfrebpidientd ol | owi no

structure, as disclosed i'n U S. Patent 105, 64 t hé di scl osures of which

patents &e @yqncesd»sstltutedéwr@oarbylpfmrat1ef@ @car@b@rainm, inaiesiee; R'eisur ri ng

units are repr n by, t he tru ur.e: i, CH3 - H2C - C- .| G 0-CH2- CH2
" el ore CYGrOCHf Ol oy 8 12 carbOnatenis, Pl ADAY B are t he

di aza- and oggleetedlfRsrARG P@.?pé‘@ﬁlsnstlrfd”'@ﬁ-pbo-rérﬁwﬂmdﬁﬁﬁéfé?ﬁ‘l‘?"'ﬁbslihs, Pat ent
6, 489, 503 which correspond to the _general formula: CnH2n -Y\ NHR' 0 PNRL

20 wher ei n Gvignificange as siefined jabpvenéhe abave compprndsanshmethads, for ncl usi ve,
at | east Onﬁmearnéjreggrat%%raeret escrlﬁecri ‘ia'neuagj Igé:t%rr]! 3qﬁ’2b§63 %8 rcri‘ssc‘?nsdurt"\;iz%)'fd - 17

10  which is hereby incorporated by reference. Representative examples of
such compounds are: 2-ethyl-1,3-dimethyl-1,3,2-diazaphospholane-2-
oxide; 2-chloromethyl-1,3-dimethyl-1,3,2-diazaphospholane-2-oxide; 2-
trichloromethyl-1,3-dimethyl-1,3,2-diazaphospholane-2-oxide; 2-phenyl-
1,3-dimethyl-1,3,2-diazaphospholane-2-oxide; 2-phenyl-1,3-dimethyl-

15  1,3,2-diaza-phosphorinane-2-oxide; 2-benzyl-1,3-dimethyl-1,3,2-
diazaphospholane-2-oxide; 2-allyl-1,3-dimethyl-1,3,2-diazaphospholane-2-
oxide; 2-bromomethyl-1,3-dimethyl-1,3,2-diazaphospholane-2-oxide; 2-
cyclohexyl-1,3-dimethyl-1,3,2-diazaphospholane-2-oxide; 2-cyclohexyl-
1,3-dimethyl-1,3,2-diaphospholane-2-oxide; 2-(2-ethoxyethyl)-1,3-

20 dimethyl-1,3,2-diazaphospholane-2-oxide; and 2-naphthyl-1,3-dimethyl-
1,3,2-diazaphospholane-2-oxide.

The quantity of catalyst used herein varies depending on the
polyisocyanate starting material. Generally, it varies from about 0.1 to
about 20 ppm, based on the weight of the polyisocyanate starting material.

25 There is typically at least about 0.1 ppm, preferably at least about 0.5 ppm,
and most preferably at least about 1 ppm of catalyst present, based on the
weight of the polyisocyanate starting material. Also, there is generally no
more than about 20 ppm, preferably no more than about 10 ppm, and
most preferably no more than about 5 ppm of catalyst present, based on

30 the weight of the polyisocyanate starting material. Of course, the quantity

of catalyst present may be present in an amount ranging between any



al kyl ene radical form ng a chain, one end of which is attached to Y, the
other end of which is attached to N, thereby conpleting the heterocyclic
~ring; R is selected fromthe group cang sting of hydrocarbyl containing 1
to 12 carbon atons, inclusive; and hal o, nitro, alkoxy, alkyl, mnercapto,

and 5 cyano %{jﬁﬁﬁwbﬁ%%‘?t%%r%do%%ﬂén%& %?cl&é}(/é’,oc?.ﬁgfrBHFG.1itB°idJSi ve, R

I's hydrocar containing f carbon at ons, usive, and Y is
sel ect ed fr gupmhprejerably froms0.Sttor® mim; abd mast grefeiidly frondrteiShppth, has t he

significance as defined abov The above conpounds and pethods for their
preparation %ﬁ‘ﬁ?dg‘é'%y?‘? W@!ﬂtﬁ R?UPGS?OIP@PQM?"@? ,lgggpatﬁq@ﬂgi scl osure of 10

O e er SbY | SGRAEIGAIAGR XA ert @F PRisoReRb BRAMCH nidtctdamices of - such

conmpounds are: 2-et 1, 3-di | azaphosphol ane-2- oxi de;

2- chl or oiBet hyith theprisest myentios jricldde aaids ssich @ sa far-exampléehyd-ohalic
trichloronmethyl -1, 3-dinethyl -1, 3 .2-di azaphosphol ane- 2- oxi de;. 2- phenyl -
155G et yl 800 Tihudia o Bame At S8R pHarRHer DS i Rer by 15

1, 3, 2-di aza- ' - incher =1 i -

di azaphospho%gggﬁg‘gpgg}& %ﬁﬁh&ﬁcﬁ%@ﬁﬁ&%ﬂ%@%ﬁ%ﬁ%@ i QE%‘Bﬁ' sphol ane- 2-

oxi de; 2- br occampotnyds incRidingrdongxarmple, butinatzlapited fthatamatiand iatiphatis

cycl ohexyl -1, 3-di et hyl -1, 3, 2-di azaphosphol ane- 2- oxi de;, 2-cycl ohexyl -

Y5 Gt et hyl 4k SHESTIARS shish i For SXBTRS; Bee o Ehlouko e hobias 3nay

di met hyl4ql, -1fikled - X iedles Zm@qﬂp ' hyl -

1, 3, 2- di1gagﬁggﬁﬁb%g‘%@ﬁﬁ§{ie§§mﬁhe ’gﬂ%ﬁﬁ@ebf ca m@srpﬂou@gégé @Pei n varies
dependi ng ortheHike, patbansmd ghiosides sughtasn fprrexaenpla) n-bGéyl@asbamoyli t vari es

fromabout 0.1 t bout, 20 pp based on the I of the, polyi socyanate
Starting. maciptife. B8 SathaBo ot Sacyrsars b Mo lditnvMer Bl o ef er abl y
at | east abo&ilso@ygné’@%nd%‘l‘%é‘ﬁ@me_?"nﬁfl@élﬂg}Wef'&ht'h%ﬁ%lo@@é’é‘bf N/ID]R%._Of
catal yst present; based on the “weight of the polyisocyanate starting

mat eri al . Al BMDItdigolyphenytmethyleng prlyphenydisocyanaiélo etc.2ainpsorisiesf er abl y no
LR T NP G R T e
material . OftegaghRRide! BR. d4@fistfilded in, for example. U.S. Patent 4,088,665, the
disclosure of which is hereby incorporated by reference.
Also suitable are the sulfonyl isocyanates as described in, for
example, U.S. Patent 6,362,247, the disclosure of which is herein
20 incorporated by reference. Among the sulfonyl isocyanates are, for
example, inorganic or organic compounds which contain at least one
structural unit corresponding to the following formula -SO,.-NCO. Organic
sulfonyl isocyanates are preferably used, while those containing
aromatically-bound isocyanatosulfonyl residues are particularly preferred.
25 Processes for producing organic sulfonyl isocyanates of the type suitable
for use in accordance with the invention and also their chemical behavior
are comprehensively described by H. Ulrich in Chem. Rev. 65, pages 369-
376, 1965. In addition, the production of aryl sulfonyl isocyanates is
described in U.S. Patents 2,666,787 and 3,484,466, the disclosures of
30 which are hereby incorporated by reference. According to the invention, it
is possible to use aliphatic, cycloaliphatic and also aromatic mono- or

polysulfonyl isocyanates, of which the following are mentioned by way of



of catalyst present may be present in an anount ranging between any -18-
conbi nati on of these upper and | ower ranges, inclusive, e.g. from0.1 to 20
ppm preferably fromO0.5 to 10 ppm andjgiost preferably from1l to 5 ppm
based on the weight of the polyisocyanate starting nmaterial. Suitable

Chvent s on + neraltee HerBSt ARy BoPfan g ARENT ARE anate e L ng.
for exanpl e syifbriyRdCoahate] dRlordsiffopedsodyapate erflifbrdbegesulidmgr i de,

phosphoric acid and various chl orine-containing conpounds including, for
exanpl e, but ispeyanatg; plaeny! sufeayldsoeyanate. A-1qheAe §U'fCHBf| isoelaBAtedes such as,

for exanple, P | ke,
chl or of or mat egﬁisw ?"jlif ﬁ}n Igdrﬂg'?g@r}&eémh@ﬂ?“&l Qﬂ &MFI’QKH'F%%@ the Iike,
car banoyl5 chhmbpdeaylsultdmﬁssody@hat@s@Wd&nemybphefrhyl calfoayliydcyanaterp-de, the

car banoyl chl oride precursors of NDIeé hen | met hane di i socyanate) and of
the higher nwgeehanvalf@ﬁvl igemANS 0 rheny! sulﬁcmi Isgcyanate,

pol yphenyl e ']Z‘%'”E' ji de, 15

phosphor oxy %‘r?ly{j)"réﬁ M%@]EH '@ﬁ?ﬁ@gﬁﬁ%ﬂ !‘glo?nosp I oride, silicon
tetrachl ori disocgdmateps- rdemcmyblwhyl sulfbyl isocyapbte, pU‘n&opHat\y!IrﬁquénQBB 665, the
di scl osure of which is hereby incorporated by reference. Al sp suitable are

the sulf ony! ISP%%%tﬁar@so -Rirophesy| %‘é'EPHYH'SOPM?nat@meBh%nylﬁﬁgd'qﬂéfPBM't
6, 362, 2444 ?ﬁsony bgyauﬁym Giulf n %ﬁl@b%qr%%'i‘ﬁ%tﬂ rrﬁt&%r@)’ erfef erence.

Anpng the su es are, exa , _inorgani c 'or organic
conpounds mhdsblfomylmsocwndte,azthMe-p phemdéne disulfonyl dilsocesmatedbng to the

followi ng fornula -SQOZ -NCO. O . sulfonyl Jso nates are preferably
used, while ?'ﬂléé‘?s"bﬁh%)"ﬁﬂﬁ@'s%'%& uS@&matsoUfﬁzn%@y&ﬁst%@uﬁwﬁ resi dues

are particul é‘lédéxﬁﬁ?{ el fifto- % gpgﬁﬂgﬁémlfoﬂgl cﬂfs%yghé’t% erﬂgﬁfo%KSrH' fO”y'

i socyanat es o ype suit of use I n accordancé w e i nvention
and al so thepheruylerrre dwlulfbaﬂa!usocyamte Exﬁnfplrahmwsblsf(hwtldﬁenmshﬁdnjdy H Urich

!sBI ]Fgﬁ;rh so‘éﬂﬁ&’rﬁ‘é{?g%t%e ls-pﬁenylene%lsulgorr]\yl ||sotcygrr1]ate E %rl&?our%[-l il of aryl
biphenylylene-disulfonyl diisocyanate, 3,3'-dimethoxy-4,4'-biphenylylene-
disulfonyl diisocyanate, (methylene-di-p-phenylene)-disulfonyi
diisocyanate, (methylene-di-3,3'-dimethoxy-p-phenylene)-disulfonyl
diisocyanate, (methylene-di-3,3'-dimethyl-p-phenylene)-disulfonyl

20 diisocyanate and 2-methyl-p-phenylene disulfonyl diisocyanate; also
sulfonyl isocyanates containing free NCO-groups such as
m-isocyanatophenyl sulfonyl isocyanate, p-isocyanatophenyl sulfonyl
isocyanate, 3-isocyanato-p-tolyl sulfonyl isocyanate, 5-isocyanato-o-tolyl
sulfonyl isocyanate, 3-isocyanato-4-methoxyphenyl sulfonyl isocyanate,

25  4-isocyanato-3-chlorophenyl sulfonyl isocyanate, 4'-isocyanato-4-
biphenylyl sulfonyl isocyanate, 4'-isocyanato-2,2'-dichloro-4-biphenylyl
sulfonyl isocyanate, 4-isocyanato-3,3'-dimethoxy-4-biphenylyl sulfonyl
isocyanate, a-(p-isocyanatophenyl}-p-tolyl sulfonyl isocyanate, a -(4-
isocyanato-3-methoxyphenyl)-2-methoxy-p-tolyl sulfonyl isocyanate, a -(4-

30 isocyanato-m-tolyl)-2,4-xylyl suifonyl isocyanate and 5-isocyanato-1-

naphthyl sulfonyl isocyanate; or containing free isothiocyanate groups



described in U S. Patents 2,666, 787 and 3, 484, 466, the disclosures of 30
whi ch are hereby incorporated by reference. According to the invention, it
is possible to use aliphatic, cycloalippetic and al so aromati c nono- or
pol ysul fonyl isocyanates, of which the follow ng are nentioned by way of

-19- exanpl esu??'é@ -ls%l"Hltf) atb Qaﬁ@n ?%Brgébnéfg fdthicsocyanat e,

cycl ohexyl I socyanat e oros I Socyanat e, perfluorooctyl

sul fonyl i soyamtapbenydkmﬁphybnabéynndte; mmnayzmatﬁ-ét-mejbw phérhyny|

i socyanat e, sul fonyl i sacyanate hl or ophen fonyl isocyanate,
m 5 it ropheRy AR iyPn ARy Aasuet el aTRe BRI SiPPByI | cocyanat e.
p- fl uorophe;gblc gHhfeonyl isocyanate, 2,5-dichlorophenyl sulfonyl isocyanate,

3, 4- dlchlorophenyl sul fonyl isocyanate, p-bronophenyl sulfonyl isocyanate,
p- met hoxyphenyl sdﬂlSwslbie;tmym\auléonxbisdcuaopw@nylherﬂn themBO2 iNGOyanat e and

h | | f : henyl e | f 10 di
o pheny ene. Grath Aty RESEER 1S ae SRS RAf Sy SHEoW Sul Fomyt
di i socyanat ejsotyshAR, -&ﬂ@ﬂb%'ﬁéh?%l@n%”isﬁ@ﬁ%até'dn‘épﬁalf@méﬁésuﬁon l

chl or o- m phenyl éne di suI onyl diisocyanate, 1,5-naphthylene di suI f onyl
di i socyanat ejs®yanatedigsypiracynpate)dire @Bﬂmmrlydpneieras@dxriataeidltmm@tﬂhexy m

P e o AR R ot A SRR e > o)
2, 2" - di cf Or Bodsible m@d&%‘é/ﬁd@ WiR 56 ﬁ'H)eEQBM ko B56 HR6rGARRE Sulfony!

3, 3" -di met hoxy-4, 4" - bi phenyl yl ene- di sul fonyl diisoCyanate,
(et hyl ene- dnsq@yghate,sl suoh) asickiatdsutfphyl |do¢)eamy@nasalfonyl diisocyanate.

ot o eme. o sty EbRyaarBs ROED s iBimnd sy ARy rsusgh S E RS ate ang

2- met hyl - p- pheyayd@emigli sul fonyl diisocyanate; also sulfonyl isocyanates
contai ning free NCO groups such as misocyanat ophenyl sulfonyl isocyanate,

p- i socyanat ophenyAngithérssujtable getipaf-acids fpntb@@y%ﬁmtm\fertt@nys theil f onyl
|
o™ socyalt oSHAE IR aront < qrmfpdonl

4-i socyanat o- 3-chl or ophenyl sul fonyl isocyanate, 4'-isocyanato-4-

X- [Si(CH3)3)n

wherein:
20 X: represents the neutral acid residue obtained by
the removal of the acidic hydrogen atoms from
an n-basic acid having a pK; value of at most 3,
and
n: represents an integer of 1 to 3.
25 These silylated acids are indeed the preferred catalyst stopper or

poison.

In these silylated acids, it is preferred that X is the neutral acid
residue of an oxygen-containing acid which bears n acid hydrogen atoms
and has a maximum pKj value of 2. Some examples of such suitable acids

30 include compounds such as, but not limited to, the corresponding silylated
sulfonic acids such as, for example, trifluoromethanesulfonic acid

trimethylsilylester or methanesulfonic acid trimethylsilyl ester, or silylated



bi phenyl yl sul fonyl isocyanate, 4'-isocyanato-2,2'-dichloro-4-biphenylyl

sul fonyl isocyanate, 4-isocyanato-3, 3'-dinethoxy-4-bi phenylyl sulfonyl

i socyanat e, a-(p-isocyanatophenyl)-p-tobyl. sul fonyl isocyanate, a -(4-

I socyanat o- 3- net hoxyphenyl ) - 2- met hoxy-p-tol yl sul fonyl isocyanate, -(4 30

| socyanat o- WFERJ‘I of €5 gfﬁ%lSpﬁH} %%gh ?%%Eﬁ&ﬁﬁ:%@ﬁﬁ’ls anaﬁ%gla}?oups - 20-

napht hyl sul fonyl Tsocyan
such as p- |sestur))aydmmpnﬂmrlc acidl dasthyl estenclymmthselsuyhest@t ISiuch cyanat ophenyl

sul fonyl isocyanate, 3-isothiocyanate-4-neth phenyl | § | . j_socyanate
and 4-isothi§ W&'Ssﬁfﬁr&eﬁwb# §fﬁ¢8h§§%?§%§/%?%ﬁg %%% rpossi bl e
to use sul fopyd dls%%!ﬁé@i)?@h%eér%::. A mc% Ony%y%fé&%éeg directly

attached to an aronmatic radi cal socyanat e, p-chl orophenyl
sul fonyl 5 socyanatTdneamdarmty of acideused| He:reyi genae&ywmtwe(etnoat;dutnsamyanat e)

are particul a r I.n itionp, t an| onyl i socyanat.es
ment | oned by Syt 896 epamirsetian e weidht oftnsaly B ris SEtBdnce. w th t he

i nvention t o\ ? %@?é‘isctgglébﬁgﬁlfleas't SM?"P ﬁé@aﬂ?&@ﬁt%&&onyl
|socyanate or su onyl di1 socyahat e. y su | socyanat es suc

trinethyl si Bypmnmmnnbehmefembmmdaasi abaut 18 mnmilaciacbpﬁesenhdiamd sui tabl e
group of acids

correspond t B”tthgrvbgéaﬁtr‘ghﬁ %&/y%?agléjgﬁa(@%%tﬁ” lﬂ?\ér%d SCIXdS whi eh
Legr esen{g t banBRAl Y rrﬁlﬁé%ér?éb&ﬂez&f’bﬁm”gPefEVaﬁlﬁﬁorrﬁaiéVﬁ'anQibdd?qOBC' di c
ydrogen ato fro an n-basic acid having a pKa value of at nost 3 and

n: represent ppamandmneggirpreferably mosmogsthEmeatzoutiS0 ppmenf amid peeseng i ndeed t he

preferred Ca%%LXS tonstﬁ'wgwggr;hp of the polyisocyanate starting material. Of course, the
quantity of stopper or poison present may be present in an amount ranging
between any combination of these upper and lower ranges, inclusive, e.g.

15  from 1 to 200 ppm, preferably from 5 to 100 ppm, and most preferably
from 10 to 50 ppm, based on the weight of the polyisocyanate starting
material .

In accordance with the present invention, neutralization of any

acidic impurities in the organic isocyanate is achieved by addition of an

20 acid scavenger as described herein above. This can be accomplished at
room temperature; however, it is generally carried out at elevated
temperatures between 40 to 100°C to accelerate the process. Typically,
the neutralization takes place within about 5 to about 300 minutes in a well
stirred vessel. It may also take place in a column when, for example, the

25 materials are passed through the column which contains the solid basic
materials.

The carbodiimidization reaction according to the invention is
generally carried out at a temperature in the range from about 50°C to
about 150°C and preferably at a temperature in the range from 60°C to

30 100°C. The optimal reaction temperature depends on the starting

isocyanates used and may be determined in a simple preliminary test.



poison. In these silylated acids, it is preferred that X is the neutral acid
resi due of an oxygen-contai ning acid which bears n acid hydrogen atons and
has a maxi num pKa val ue of 2. Sonme examppes of such suitable acids 30

i ncl ude conmpounds such as, but not |limted to, the corresponding silylated

sul fonic acids su ; 6 | |, -C '
trimethylsilylest gﬁegc}'rtr)m Lrgﬁ?gagf% gﬁ?éﬁdaiilsﬁrﬁ?ﬁ@? %ﬁﬁ%ﬁ%&ﬁ%%w’gr
si | yl( ated - ﬁél-d@éiew calfbcni;ﬁhﬂ@ié}aﬂom(dmyh bﬁbﬂsarmgicgﬁaﬁdﬁ@wfml' ic acid
tris(trinet Si est er) .and/ or phorphoric aci i et ester
trinethylsil \X:’Pf Qe Oéﬁ%ﬂQOdE'@iﬁi%@% RAtgIrOHPHRASE Qﬁ/ e totalent s

5,202, 358 an ; j ] -
i ncor por at edagyntrﬁgfogrlsgbg%gﬁége qlﬁtéjggtﬁﬁﬁtgﬁgﬁéggaﬁ{én%@ggpﬁﬁe}%%i) r@?ggﬁg’?%l ly is
bet ween ahouto dbaut35%H{prafetaly Hian3086)smdweight hEhewdegtae of t he
eSS e P Sl G e b a8l L B
of acid presggim tI-Léﬁé%@tioH ikf‘u‘?e‘ﬂ%i‘iﬁ?itlhﬁ réd¥s ckSi‘cﬁH@Xé"ﬂ?é veh@ibhl Ng

it
material. Also, there 1s 10 genera nore than about 200 ppm preferably
no nore t hanAzbordingl9Othispyoiuaedricallytmeasirabkbdyantity wbcartiamadiozideut 50 ppm of

o e e o WD teSoe Bl b o el bl B £ o
et 0, Shod AR SRR AN el apEer onS Loger Tanges:
preferably from l®atprefedreapembbdimeehtai thd presang mvesttionhvehgreirytheocyanat e
by . SRR Rk PO e VA 8 e 1«
sen eve 1 Wkl adE 010 SRS RS s e it
carried out d&te.qlolymercMDIgriberisacyapatdeonteahofithetfinal Poiual im23ddber ate t he
process. ;| JYPLER) | feterably 26.5 to 31% and most preferably 28.5 to 30%.
The isocyanate mixtures of the present invention comprise

monomeric diphenylmethane diisocyanate, carbodiimide, uretonimine, and

higher homologues of carbodiimides and/or uretonimines, and epoxide.

The monomeric MDI present in this mixture ranges from about 60% to less

20 than about 90% by weight, based on 100% by weight of the total

isocyanate mixture, and the balance, i.e. from more than 10% to about

40% by weight, comprises carbodiimide, uretonimine, and higher

molecular weight homologues of carbodiimides and/or uretonimines. In the

context of the present invention, these higher molecular weight

25 homologues comprise molecules which contain from two to six

incorporated carbodiimide and/or uretonimine groups. Only a very small

amount of the total weight of the mixture comprises an epoxide, a catalyst

and a catalyst stopper. The mixture preferably comprises from 70% to

80% by weight and most preferably from 72% to 78% by weight of



the neutralization takes place within about 5 to about 300 minutes in a well
stirred vessel. It nmay also take place in a colum when, for exanple, the 25
materials are passed through the col unmoghi ch contains the solid basic
materials. The carbodiimdization reaction according to the invention is

7500 and pr oy gHE Y. BakBTRE, fidh by arbHFof BE¥Pra IbARR mitlistoe. The
opti mal reactliherbdlenee bithe mixdeReestipases EmS2G!tb B0 % byaweightars used and
may be determined in a si imnary tes -22- The carbodiim di zation

npl e prel t est.
reaction is g@%rpaefe;a@larffﬁm&’?@dt%a@%eta)cwpmjﬂabw@é199%:3)/ meightafdi zat i on
(degree of c Li @A j i s the percentage of carbodiimdized
i socyanate g?@%gés{?l '%ggéﬁ%%ﬁiﬁ{eﬁ?bt al quantity of isocyanate groups present

in the starting i Siwyfeliewing etaraplestfudher illostedte wetdifsfof the proaeissyof5 to 30%
by wei ght. The degree of carbodiimdization is reflected in the quantity of
carbon di oxi daisdRyeriiong Thedgysnties, which issiet ferh in bedoregring Hisansess
according to; i QN . A b i I Lcal asur abl e
uant ity of L FELIETYE Bt et BERPHT B doora b ukRe EBHSIEE, HHodE

car bodi i m di z&illedrin tieaahtedll aéadiyunddrstindghatikriovay valiatignisoofthe according to
the invention. In a preferred enbodi nent of the present invention wherein

the polyi so&padiioas&f ihe fallgwirg Bracediiresedn Pediserp Hiplass @thgwise . e.

di phenyl ggt h id [ v D of
(o porS moried | eRiRa g 3R dplleeTuilis il Al ot BhE BRECRIEBE 25 1o
15 32% pr ef aralplaytsdfy. Weight 3id Percehtapes bpnadighitabdspe2livelyt o 30%  The

i socyanate m xtures of the present inveption conprise nonomeric

di phenyl net hane dii socyanate, carbo ESiretonimine, and hi gher
honol ogues ofratReRidd F1glel) r N : j Jhe nmononeric
MDI  present iTn thﬁg\gqud;%(ﬁﬁéoranSg’zer#rﬁagﬁgﬂ]ﬁa%%f@%x?g@éggftt ean about 90%
by wei ght, baseserdrapplioatidny wei ght of the total

15 Isocyanate A: diphenylmethane diisocyanate having an NCO group

content of about 33.6% and comprising about 99% of
the 4,4’-isomer and about 1% of the 2,4’-isomer; and
having an acidity value of 7 as determined by ASTM
D-5629.

20 Isocyanate B: diphenylmethane diisocyanate having an NCO group
content of about 33.6% and comprising about 99% of
the 4,4’-isomer and about 1% of the 2,4'-isomer; and
having an acidity value of 20 as determined by ASTM
D-5629.

25 Isocyanate C: diphenylmethane diisocyanate having an NCO group
content of about 33.6% and comprising about 99% of
the 4,4’-isomer and about 1% of the 2,4’-isomer; and
having an acidity value of 4 as determined by ASTM
D-5629.



| socyanate m xture, and the balance, i.e. fromnore than 10%to about 40%
by wei ght, conprises carbodiimde, uretonimne, and higher nolecul ar wei ght
honol ogues of carbodiim des and/or urefopimnes. In the context of the
present invention, these higher nolecul ar wei ght 25 honol ogues conpri se

nmol ecul es whj ntain fro ' ' { i de and/ or
ur et oni m ne %@éém y a {ﬁgir%g%@lel%é%ae#o%& @%‘%ﬁ;‘;&{ %ﬁé?‘%&k\dﬁj of the

m xture conprises an epoxi depoidesdduiyalent weightof abality s80;sopmpercialljhe

m xture preferably conprises from70%to 80% by wei ght and nost preferably
from 72%to 78% by wei ght ofvailableastfepxal &-nfiom biageeh &hernigsh Ipg. wei ght of
the total is te. mXxtureg. 2 Lhe.m xture conprises from 20%
to 30% by vve&%¥ & nost &@Fﬁ@g’l @h@@%l%j{bgq%% by wei ght, based on
100% by v@i gAcidoA: t he t ot altrimetisysiiybtrifiustorhethenesuloaaten! | owi ng exanpl es
further illustrate details for the process of this invention. The

I nvention, which is set forth in the foregoing disclosure, is not to be
limted eith [ L . [ in the
art wi i1 read Py OLR0E eRfinpAe ek cohdaciena Ristite HgSRectid &4 &' he

fol | ow ng pr ecavbnges ohadedreasingdhe timecand/ot betalyst éevid) neeted foml |
tenperatures are degrees Celsius and all parts and ercentgﬁgs are parts by

wei ght and pEPEwitiaseaf the caehegiimidizalipa of mengme L9 3%eNES owi ng
conpone ' rki f i cation: 15
Isocyangtdé \A@F‘glfg@‘gﬁwﬁ’éﬁ’ﬁ%‘ﬁ%\%ﬁ égg%(g%?\dgp}ee%%égicn%@r? yﬁé%ﬁag?tgﬂg@dgontent of
about 33. 6% wutyanater 3.si ng about 99% of the 4,4'-isoner and about 1 % of
the 2,4'-isonmer; and having an acidity value of 7 as determ ned by ASTM
D-5629. 20 Isocvanate B: diphenyl net hane dii socyanate havi ng an NCO group

Procedure:

15 CD Isocyanate was prepared by adding 100 pbw of the Isocyanate tested
to a reaction vessel and heating to 80°C under flowing nitrogen. In the
examples representative of the present invention, 1000 ppm of Epoxide A
was added to the isocyanate and the mixture was stirred at 80°C for 1
hour. (No epoxide was added in the comparative examples.) While at

20 80°C, 2.5 ppm of Catalyst A (1-methyl-3-phospholene-1-oxide, i.e. PHO)
was added. The reaction progressed and was monitored by titration
and/or refractive index until the desired %NCO was reached. At this point
32.5 ppm, based on the weight of the starting isocyanate component, of
Acid A, a catalyst poison, i.e. trimethyisilyl trifluoromethane sulphonate

25 (TMST) was added. The TMST was stirred into the reaction and then the
vessel was cooled to room temperature. The time required to reach the
desired %NCO was affected by three factors: (i) catalyst level, (ii)
temperature, and (iii) acidity of the monomeric MDI. Higher levels of MDI
acidity resulted in an increased (i.e. longer) reaction time.

30 The acidity of the starting isocyanate was determined in accordance
with ASTM D 5629.



content of about 33.6% and conprising about 99% of the 4,4'-isomer and
about 1 %of the 2,4 -isoner; and having an acidity value of 20 as

determ ned by ASTM D-5629. 25 |socyanapg.C. di phenyl net hane diisocyanate
havi ng an NCO group content of about 33.6% and conprising about 99% of the
4, 4" -isonmer and about 1 % of the 2,4'-isoner; and having an acidity val ue
of 4 as determ ned by ASTM D 5629. -24- Epoxide A: pol yepoxi de based upon
i nseed oi |l @®edultevi ng an epoxi de equi val ent wei ght of about 180;
commercially available as Epoxol 9-5 from Unitech Chemical Inc. Catalyst

A: 1 -nethyl-3-phosphol ene-1 -oxide 5 Acid A trinethylsilyl

trifl uor omel kaag gkt pihSarkive] oate AYRSVINGENH Mtk aBidignstutcRe ¢ ©
illustrate t scavenger on decreasing the tine and/or
cat al yst 5ev@ ppmpdad used to preparet COrisofyanate dan laedordandiezeith the of nononeri c
MDI to 29.5% NCO. 10 The fol| ow rocedure wa ed to, prepare CD

| socyanate 13 ﬁMe@fpcq(gB%y‘ém'&?'ét tggqpﬂdg r%qoxui%u%g P@&Egﬁrﬁ aeheths pr epar ed
by adding 10QopeiRin, dGmEIATEATA) & ARELPEr aldltd 6ACH BRoyesge! and heating

to 80C under ng nitrogen. the “exanples représentative of the
present i nveminotes. TAEOpnodochis rEferrediie #s Cihlsoadaatetto t he i socyanat e and
the m xture was stirred at 80C for I hour. (No epoxide was added in the
conparative exanples.) Wile at 20 80C, 2.5 ppmof Catalyst A

b 00T eothy R Rl C, e A i T ol WU e 11 the
desi red YNCOtovpseparad (G Isodlyahhtes2 froaatordafceé withrthelabowe procederewei ght  of
the starting Aﬁse??ﬁ/g Bﬁhﬁioﬁ% gonceygtnhteOE to the reaction vessel, 1000 ppm

Epoxide A was added to 100 pbw of Isocyanate C, and allowed to react at

80°C for 1 hour. While at 80°C, 1.0 ppm of Catalyst A was added. Even

15  with such a low level of catalyst, the reaction was completed in 400

minutes. This product is referred to as CD [socyanate 2.

Example 3: (comparative) Isocyanate B (having an initial acidity of about

20 ppm) was used to prepare CD Isocyanate 3. Epoxide was not added to
20 Isocyanate B in the preparation of CD Isocyanate 3. A conventional CD
isocyanate was made as described in Example 1 above, which is also a
comparative example. After 365 minutes, the NCO group content was only
32.65. The run was stopped at this point, but extrapolation of this data
indicated an estimated time to completion of approximately 1,000 minutes.

25 This product is referred to as CD Isocyanate 3.

Example 4: In this example, Isocyanate B which had an initial acidity of
20 ppm was used as the starting polyisocyanate. In addition, 1000 ppm of
Epoxol 9-5 was added to 100 pbw of Isocyanate B. As in Example 2

30 above, Epoxol 9-5 was added while the MDI was being heated to about
80°C, and allowed to react for 1 hour before the addition of Catalyst A.



Acid A, a catal yst poison,

i.e.

trinmethylsilyl

trifluoronethane sui phonate

25 (TMST) was added. The TMST was stirred into the reaction and then the

vessel

tenperature
acidity res

u

(i) catalyst

pRBiHson Rt Ebefien BRI " wlito

was cooled to roomtenperature._Jie time required to reach the
desired 9NCO was affected by three factors:

l evel, (ii)
1 f MDI
Ir?%'?’l?ﬁm%b%\%i :sl'hg acidity

of the startonly 1800mirautes aftertheladdition bethe Catulystr Thisqeroduct i réferddD 5629.

-25- Result

s: Exanpl e

1:

(conparative)

| socyanate A (having an initial

aci dity of akbas Clhlspcyanjtehs used to prepare CD Isocyanate 1 in accordance

with the above procedure, without the addition of epoxide. The reaction
reached conpletion, as neasured by a %NCO of about 29.5% in about 490
m nut es. 5Thi SABbHuUct is referred to as CD |Isocyanate 1. 10 Exanple 2:
| socyanat e G—@haw—ng—am_m_LLaLaGLdi—Ly—gL«abauL_@é_wa‘;—used—L@_pI epared CD
| socyanate P _in accor {EXe@plg ih | Hxammeve hExaatple nEXampled addition of
| socyanat e Osogyamater pActi on ves$el, 1000 pBm Epoxi de| R was added|to 100
pbw of | socyoayandte and08 | owed 100.0 eact At00BOC for 1100r. Wil e at 80C,
1.0 ppm of Cagtab)yst Al was added| Even 15 with such a | pw | evel of tatalyst,
the reacti ojH@s o50NP ?f%d ' 40@3 gn nut es| 33y S produ :?3!§ referred to as
CD | socyanat ofxanple 3: (conparative) |socyanate Bj(having an {niti al
acidity of aE(g% Zt}Q? bpm) was ugsed to prepare CD |Isocyanate 3. Epoxi de was
not added tpooe¥@id&etanate B ip-the prepataiten—of—CbHseeyanrate—8. A
conventi ona A@!g'tVsocyaZate was méde as des :2pbed in Exaggl e 1 above, which
is also a ciBrative exanple. [After 365 fMnutes, the!NCO group content was
only 32. 65| Epheidevh Wa% st opped Oat%t his poDMs, but ex{Palfel ation of this
data indi ca_(%cbyant.)ﬂs imated tine to conpl gtion of appfoximtely 1)000
m nutes. 25| Catgygtrodbgts 1s referr@d to as| @5 | socyanat @.5.

(ppm)

Acid A 32.5 13.5 32.5 32.5

(ppm)

Product CD Iso 1 CDlso 2 CDIlso 3 CDlso 4

Time to 490 400 1,0007 180

reach

29.5%

%NCO

(mins)

1: % by wt. of epoxide based on the weight of the starting polyisocyanate

2: estimated based on reaction rate over first 10 hrs of reaction

10 Although the invention has been described in detail in the foregoing

15

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.



Example 4: In this exanple, Isocyanate B which had an initial acidity of 20
ppm was used as the starting polyisocyanate. In addition, 1000 ppm of

Epoxol 9-5 was added to 100 pbw of |socyanate B. As in Exanple 2 30 above,
Epoxol 9-5 was added while the MDI was being heated to about 80C, and
allowed to react for 1 hour before the addition of Catalyst A -26-
Surprisingly, this run reached conpl eti‘o?ﬂ‘(to a YNCO of about 29.5% only
180 mnutes after the addition of the Catalyst. This product is referred to
as CD Isocyanate 4. 5 TABLE 1: Exanple 1 Exanple 2 Exanple 3 Exanple 4 |soc
anate A C B B Isocyanate 100.0 100.0 100.0 100.0 (pbw) Initial % 33.6 33.6
33.6 33.6 NCO of Isocyanate Acidity 7 4 20 20 (ppm EpoxideA 0% 0. 1% 0%
0.1% WHATIS'CLBaMED/ES: A 2.5 1.0 2.5 2.5 (ppm Acid A 32.5 13.5 32.5 32.5
(ppm Product CDI1so 1 CDIso 2 CDIso 3 CDIso 4 Tine to 490 400 1, 0002

180 reach 29. $%A pdeess for the preparation of liquid storable organic isocyanates
containing carbodiimide and/or uretoneimine groups, comprising:

(1)  neutralizing acidic impurities in an organic isocyanate with an acid scavenger, in
which the organic isocyanate comprises polymethylene polyphenylisocyanate
comprising 90 to 100% by weight of diphenylmethane diisocyanate and 0 to 10%
by weight of higher functional polyisocyanates of the diphenylmethane series,
wherein the diphenylmethane diisocyanate comprises from 96 to 100% by weight
of the 4,4’-isomer, from 0 to 1% by weight of the 2,2’-isomer and from 0.1 to 4%
by weight of the 2,4’-isomer, with the %’s by weight of the 4,4’-isomer, the 2,2’-
isomer and the 2,4’-isomer totaling 100% by weight of monomeric
diphenylmethane diisocyanate,

(2) partially carbodiimidizing isocyanate groups of the neutralized organic isocyanate
with a phosphorous oxide catalyst,

and

(3) terminating the carbodiimidization reaction by the addition of an acid comprising
a silylated acid corresponding to the formula:

X —[-Si(CHg)3)n

wherein:
X: represents the neutral acid residue obtained by removal of
the acidic hydrogen atoms from an n-basic acid having a
pKa value of at most 3,
and

n: represents an integer of 1 to 3.



(mns) 1: %by w. of epoxide based on the weight of the starting
pol yi socyanate 2: estinmated based on reaction rate over first 10 hrs of

reaction 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 nmade therein

by those skilled in the art w thout de'p%ﬁr‘ting fromthe spirit and scope of
the invention except as it nay be limted by the clains. 15 -27- WHAT IS
CLAIMED IS: 1. A process for the preparation of liquid storable organic

| socyanates containing carbodiimde and/or uretoneimn ne groups, conprising:

(1) neutral | ZI ng acidic inpurities in an organic. isocyanate vmth an aC| d
scavenger, 2uwhi c A RProsess frrithe pi’%Rﬁf?H%PEP‘&‘Hﬁﬁ‘P@BEe orgaPIRisAGYaNaAl

poI y W | %95/ aht of di phenyl net hane
dii sgggﬁ'ﬁ?g% e%@%rg@é%eﬁﬁp&%r& her #\ﬁérll ‘i onal polyi socyanates of
the @ )ohenphtrahilagl acitic |m4r|t|esfna rapi grgahie lsbcpyanlayé with leanacid iscavengeraine
conpri ses m 96 to 100% of t -is omOtol%by
ot ;Wi hesoraRgisEsoranats FEmPHSes PENMEthWeNR Ao ISIRIBDEE - apnar
with the ¢ 0,
2,4" -i sorre&r) tpgtzﬂﬁea {le)gg/ bvwg'gﬁﬁto f §@%hﬂ'§nﬂﬁ?§e%ds°¢¥%ﬂgfé ﬁﬂgntg%/o
di | socyanbyevelgﬁt)ofﬂagherafuhytmnmlMlsouydhaiesg)fithedmmlyhngﬂmnpssemlbst he
neutralized organic,i,socyanate Wt hos rou [ t nd (3)
erm nat | RereiB 1he SRRV ImaIaae diorenils Gamiyiseh droqudpap 80% by dteigll o
conpr i si ngg tﬁ‘b gl4 lgo?ﬁ@rdfrﬁ ﬁté‘@% S?W(}Wtﬁé’ té‘ﬂsérﬁéf’&hd‘froﬁ'n 20ko 50%3"'3) 3In
wherein: X represents t neutr ac resi ue obt ai ned by renoval
by welght of the 2 4’-|somer with the %’s by weight of the 4,4’-isomer, the 2,2'-
isomer and the 2,4’-isomer totaling 100% by weight of monomeric
diphenylmethane diisocyanate, and the acid scavenger is selected from the
group consisting of epoxides, sodium carbonate, sodium bicarbonate, calcium
carbonate, potassium carbonate, potassium bicarbonate and calcium hydroxide,
(2) partially carbodiimidizing isocyanate groups of the neutralized organic isocyanate

with a phosphorous oxide catalyst,

(3) terminating the carbodiimidization reaction by the addition of an acid comprising
a silylated acid corresponding to the formula:
= [-Si(CHs)3]

wherein:
X: represents the neutral acid residue obtained by removal of
the acidic hydrogen atoms from an n-basic acid having a
pKa value of at most 3,
and

n: represents an integer of 1 to 3.



t he acidic hydrogen atons froman n-basic acid having a pKa value of at
nost 3, and n: represents an integer of 1 to 3. -28- 2. A process for the
preparation of liquid storable organic isocyanates containing carbodiimde
and/ or uretonei m ne groups, conprising: (1) neutralizing acidic inpurities
in an organic isocyanate with an acid scavenger, in which the organic

i socyanate conprises pol ynet hyl ene pol ypgt¥enyl i socyanate conprising 80 to
100% by wei ght of di phenyl net hane dii socyanate and 0 to 20% by wei ght of

hi gher functional polyisocyanates of the di phenyl net hane series, wherein

t he di phenyl met hane dii socyanate corrpri ses from 40 to 80% by wei ght of the
4, 4" -isoner, fromO,.to 8%Db he 2,2'-isomer and fro 20to 60%
by wei ght of the 2, Hhep %0\?\%}'3@%\@"1%%" 59'%9%{0 Ralyispeyanate i soner, the
2, 2' corh5R$BY 1604 di e nﬁxetnmr 8%?%@&@% enYa mevsemer%nmm@ forf

di phenyl met hane dil socyanat e, e acl d scavendger Is selected fromthe
gr ouyp tmh@@%tbwgemﬁht,dpeﬂ Z’ssomeodompnsas [mmat)éo 156by weightc anddhe 24~ cal ci um

h t arb t d hyd de,
(5 "RaiRer oo MprE2s it Brt G2y veRkE i et b Warot e 3 Sr41580 or gani o
i SociarapEisoicrAnd tﬁB%ﬂh@érﬂBFtd@éM&1G@%adyv’ﬁbphﬁ”d (3) terminating the

carbodiim di zati on reaction by the Taddition of an acid conprising a
silylated acid correspondl ng to the formula: X - [- SI(CHS)S]n wherein: X

represents theg neut acid.r due ob ai ned b al _of. the acidic
hydr ogen atorr?’ fronT@%pﬁo%ggl EﬁA Iirrbl1h P'f?énﬁa“%?&p’{;% ﬁ%me'Sﬁ? nost 3, and
n: r&iedieed findded Blleger of 1 to 3.

5. The process of Claim 1, wherein said phosphorous oxide catalyst

comprises a phospholene oxide.

6. The process of Claim 5, wherein said phospholene oxide catalyst

comprises 1-methyl-3-phospholene oxide.

7. The process of Claim 1, wherein the silylated acid comprises
trimethyisilyl trifluoromethylsulfonate.

8. The process of Claim 1, wherein the acid in (3) is present in an

amount of 1 to 200 ppm, based on the weight of the polyisocyanate starting component.

9. The process of Claim 1, wherein the acid scavenger comprises a
liquid epoxy compound.



-29- 3. The process of Claim1l, wherein said organic polyisocyanate
conpri ses 100% di phenyl net hane di | socyanate wherein the 4,4'-isoner
conprises from 96 to 100% by weight, the 2,2'-isomer conprises fromO to 1%
by weight, and the 2,4'- isoner corrprlses fromO 1 to 4%by weight, with the

% s by weight of the44-|sorrer the 2,2 -isoner and the 2,4'-isoner
totaling 100% by wei ght. 4. The proces§39f Claiml1l, wherein said epoxide
conprises epoxidized linseed oil. 5. The process of Claim1l, wherein said

phosphor ous oxi de catal yst conprises a phosphol ene oxide. 6. The process of
Claimb5, wherein said phospholene oxi de catal yst conprises

1- met hyl -3-pho hol gpe oxi de. The.process of C m 1, wherein the
511yl at ed aci d 1Bonpi e E00ESS AfeIAIT <2 | YREran the SRUBARTY SOMRRALE. 6 The

pr ocgsmnhke idin (3) is present in an anount of 1 to
200 ppr‘r1p %aseﬁﬁﬁﬁa%%ee%ﬁohgﬁ ﬁ(}iue pol yi socyanate starting conponent. 9.

The process of Caim1l1, wherein the acid scavenger corrpri ses a |iquid epoxy
conpound. -30- roces f.Cl.aim9, .wherej i qui d epoxy conpound
conpri ses an al Jphaﬂl'ﬁ‘ﬁ o‘ﬁlﬁﬁﬁﬂg n]bfre'?ﬁ'éeﬁh‘g'%@&e%qucﬁoépﬂ‘g‘i@ wher ei n
the abhphaés ﬁn%ﬂnﬁgﬂtl@gﬁmﬂﬁ@d dionpri ses an aliphatic epoxidized oil. 12. The

process of O ai wherein the acid scavenger is present in an anmount of
from10 to 10,000 ppm based on the weight of the polyi socyanate starting

3.4491h f 2, . wWh h
cpoxi de. compri Wng SPRETOReel GALEda whbrenTnS apiCsGiEPasE R froest I o
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component.

13. The process of Claim 2, wherein the acid scavenger is an
epoxide comprising epoxidized linseed oil.

14, The process of Claim 2, wherein said phosphorous oxide
catalyst comprises a phospholene oxide.

15. The process of Claim 1 4, wherein said phospholene oxide
catalyst comprises 1-methyl-3-phospholene oxide.

16. The process of Claim 2, wherein the silylated acid comprises
trimethylsilyl trifluoromethylisulfonate.

17. The process of Claim 2, wherein the acid in (3) is present in
an amount of 1 to 200 ppm, based on the weight of the polyisocyanate starting
component.

18. The process of Claim 2, wherein the acid scavenger is an
epoxide comprising an aliphatic epoxy compound.



15. The process of O aim 14, wherein said phosphol ene oxi de catalyst

conpri ses 1-nethyl-3-phosphol ene oxide. 16. The process of Claim2, wherein
the silylated acid conprises trinmethylsilyl trifluoronethylsulfonate. 17.
The process of Claim?2, wherein the acid in (3) is present in an anmount of
"1 to 200 ppm based on the wei ght of the ‘EOI yi socyanate starting conponent.
18. The process of Caim2, wherein t he" ki d scavenger is an epoxide
‘conprising an aliphatic epoxy conpound. -31- The process of C aim 18,
wherein the aliphatic epoxy conpound conprises an aliphatic epoxidized oil.
20. The process of Claim2, wherein the acid scavenger is present in an

amount of from,10 to 10,000 ppm based on the weight of the polyisocyanate
starting conpoﬂ nt . The process of Claim 18, wherein the aliphatic epoxy

compound comprises an aliphatic epoxidized oil.

20. The process of Claim 2, wherein the acid scavenger is
present in an amount of from 10 to 10,000 ppm, based on the weight of the

polyisocyanate starting component.



