1 DESCRIPTION METHOD OF USING A CYCLIC CARBODIIMIDE 5 TECHNICAL FIELD The
present invention relates to a method of using a cyclic carbodiimide as an end-sealing agent for
polymers. BACKGROUND ART 10It has already been proposed to use a carbodiimide compound as
an end-sealing agent for a polymer having a terminal aéid group such as a carboxyl group so as to

suppress the hydrolysis of the polymer (Patent ngﬁ%(_ap g?)snd 2). The carbodiimide compound
used in this proposal is a linear 15 carbodiimide compound. When the linear carbodiimide compound
is used as an end-sealing agent for polymers, a compound having an isocyanate group is liberated by

a reaction for bonding the lingat-£arhodijmide camp UEQ(E%?E %@R‘ﬂéﬂiﬂ%’ﬂer to 20 produce a
[ g the

smell peculiar to an isocyanate compound, thereby deterioratin work environment. Patent
Document 3 discloses a macrocyclic carbodiimide compound. Since this compound is produced as a

highly diluted sokgiany the,eoncentration of the macrocyclic 25 carbodiimide compound is low,
whereby it takes many days to react it with a polymer and therefore the utility of the macrocyclic
carbodiimide compound'a$aRERasSealing WRjeht i polyméssstiewa Sirerd méleealkravaight of the

macrocyclic carbgdiimide copmaundhis highwithrespect 4o 30 {heg cathadiimide g & gfficiency of
the macrocyclic carbodiimide compound as an end-sealing agent for polymers is low. Further, Patent
Document 3 does not take into consideration the reduction of an isocyanate smell produced by the

end-sealing of apalymenuiins arcrocyclic 2
10 It has already been proposed to use a carbodiimide
compound as an end-sealing agent for a polymer having a
terminal acid group such as a carboxyl group 80 as to suppress
the hydrolysis of the polymer (Patent Documents 1 and 2).
The carbodiimide compound used in this propesal is a linear
15 carbodiimide compound.

When the linear carbodiimide compound is used as an
end-gealing agent for polymers, a compound having an
igocyanate group is liberated by a reaction for bonding the
linear carbodiimide compound to an end of the polymer to

20  produce a smell peculiar to an isocyanate compound, thereby
detericorating the work environment.

Patent Document 3 discloses a macrocyclic carbediimide
compound. Since this compound is produced as a highly
diluted solution, the concentration of the macrocyclic

25 carbodiimide compound is low, whereby it takes many days to
react 1t with a polymer and therefore the utility of the
macrocyclic carbodiimide compound as an end-sealing agent
for polymers is low. Since the molecular weight of the
macrocyclic carbodiimide compound is high with respect to

30 the carbodiimide group, the efficiency of the macrocyclic
carpodiimide compound as an end-sealing agent for polymers
is low. Further, Patent bocument 3 does not take into
consideration the reduction of an isocyanate smell produced

by the end-sealing of a polymer. This macrocyclic



carbodiimide compound has a long chain, is readily decomposed at a high temperature and therefore
is not suitable for use as an end-sealing agent for polymers having a high melting point such as
polyesters. 5(Patent Document 1) JP-A 2008-050584 (Patent Document 2) JP-A 2005-2174 (Patent
Document 3) US-A 2008/0161554 DISCLOSURE OF THE INVENTION 10lt is an object of the present
invention to prové%er% n&ethod 81; sealing an fﬂg é)f alpolym with a carbodiimide compound without

r A
liberating an isocyanate compound. = The Iiven orgﬁtﬁegap%&eﬁﬁiﬁ\?é?ﬁi%}hg\%j%‘ﬁ&iﬁéd
intensive studiesaéna tdpodiimigescernpoand whicheloes oot 15dihesatezan isgsyanate-corpound

even when it reacts with an-end of; lymer, As.a result, they have found that a compound having
only one carbodiimide group %he%ﬁgic%%&%rfgj do&s’ % t %Ié‘?’a &'?ﬁ%%ﬁ?ﬁé% 6‘%&5&@ even
when it reacts with aterisfia polyimetyEse pressent invention has been 20 accomplished based on

this finding.SFurtq%raElé%h%v% HQQL@ Tjet%d_gf 3%?;@90@0%%& of a polymer efficiently by limiting the
[

number of members of the cyclic structure to a specific range. That is, the present invention is a
method of using 95°& BBfpBaRERNidiRg aXdchc 8fGEtufelAdving one carbodiimide group whose first

nitrogen and secasg-Ritegen atankondes together nyp; pgq%gg%@ (may be referred to as "cyclic
carbodiimide compound" hereinafter) as an end-sealing agent for polymers having an acid group. The

30 method of the present invention is a method of suppressing the production of a free isocyanate

compound. Theqresentinventionds anmethedef suppressing the production of a free isocyanate
compound when a carbadiimide compound is added to a polymer having an acid group to seal 3 its

end, wherdih a compoundintfidily 82y &t stictien&itg 6RE carbBHimies gisupPhssefirst
nitrogen and secome: hitkegenfaredondes together by abend graup is Used:as the,carpedimide
compound. 5 compound without liberating an isocyanate compound.

The inventors of the present invention have conducted
intensive studies on a carbodiimide compound which does not
15 liberate an isocyanate compound.even when it reacts with an

end of a polymer. Asaresult, they have found that a compound
~having only one carbodiimide group in the cyclic structure
does not liberate an isocyanate compound even when it reacts
with an end of a polymer. The present invention has been
20 accomplishedbasedonthis finding. Further, they have found
amethod of sealing anend of apolymer efficiently by 1imiting
the number of members of the cyclic structure to a specific
range.
That is, the present invention is a method of using
25 a compound including a cyclic structure having one
carbodiimide group whose first nitrogen and second nitrogen
are bonded together by a bond group (mavy be referred to as
“cyclic carbodiimide compound” hereinafter) as an
end-sealing agent for polymers having an acid group. The
30 wmethod of the present invention is a method of suppressing
the production of a free isocyanate compound.
The present invention is a method of suppressing the
production of a free isocyanate compound when a carbodiimide

compound is added to a polymer having an acid group to seal



BEST MODE FOR CARRYING OUT THE INVENTION <cyclic structure> In the present invention,

the cyclic carbodiimide compound which is used as an end-sealing agent has a cyclic 10 structure.

‘The cyclic carbodiimide compound may have a plurality of cyclic structures. The cyclic structure has

one carbodiimide group ( -N,C=N-) whose first nitrogerBand second nitrogen are bonded together by a

bond group. One %gclic structure has only one 15 carbodiimide group. The number of atoms contained
tur

in the cyclic struttte &' Prefdfabi et 50, FRBROP e B 1730, n G inbfe PRETERIBAF 20 to 20,

particularly preférablirifdad o rHhenumbero atamps.eenained-isthel eyeligstrusidre 204sdhe

number of atoms d'rect(% c:onstitu%ingl e.cyclic %ﬁjcw%—:" For exaCTpIe, in the case of a 8-membered
o) I e

|
r'o S is 8 and 0 SS6F 4 8D-Merh &R, e ntfnbSIES &ABmid'f 50.

ring, the number of ato in the cas
When the numberohadmsrdaiftainedpm theicyclic structure is smaller than 8, the 25 stability of the
cyclic carbadiimide compound degrades, thereby making it difficult to store and use the cyclic
carbodiimide compound. There is no particular upper limit to the number of members of the ring from
the viewpoint of PESGHVITY DUt RAK dFRRAMENYNEHEBIZEHA cyii¢E30rdaodiimide compound having

more than 50 atgg&;cqrpcit%g%ég%&gge sharply. From this point of view, the number of atoms
contained in the cyclic structure is preferably 10 to 30, more preferably 10 to 20, particularly preferably
10to 4 The molecul@r WERjhPEESFRIGy clidEaibotiimidé-bempuand is prefdrabilyitglie 1,000.

When the moleqularweight islower than 100, the stiuchyalstability and volatility of.the. cyclic

carbodiimide compound may become problematic. When the molecularweight is hlgheSrI than 1 , 000,
synthesis 1Y a diitiorcdystém is TeGuiratFfot the pideriibn bf theceyie earbdtiivitie st the yield

lowers, thereby sausiag a-¢ost prellem; Erem thisfoiatof view, the molecular weight of the cyclic
carbodiimide compound is more 10 preferably 100 to 750, much more preferably 250 to 750. The

cyclic structure is preferiBfy representeth by tha fofloliity foRfukeE aca imide group

(-N=C=N-) whose first nitrogen and second nitrogen are bonded
together by a bond group. One cyclic structure has only cne
15 carbodiimide group. The number of atoms contained in the
cyclic structure is preferably 8 to 50, more preferably 10
to 30, much more preferably 10 to 20, particularly preferably
10 to 115. |
The number of atoms contained in the cyeclic structure
20 is the number of atoms directly constituting the cyclic
structure. For example, in the case of a 8-membered ring,
the number of atoms is 8 and in the case of a 50-membered
ring, the number of atoms is 50. When the number of atoms
contained in the cyclic structure is smaller than 8, the
25 stability of the cyclic carbodiimide compound degrades,
thereby making it difficult to store and use the cyclic
carbodiimide compound. There is no particular upper limit
to the number of members of the ring from the viewpoint of
reactivity but it is difficult to synthesize a cyclic
30 carbodiimide compcund having more than 50 atoms and its cost
may rise sharply. From this point of view, the number of
atoms contained in the cyclic structure is preferably 10 to
30, more preferably 10 to 20, particularly preferably 10 to
is.



N=-C=-N(1) In the above formula, Q is a divalent to tetravalent 15 bond group which is selected from
an aliphatic group, an alicyclic group, an aromatic group or a combination of these and may contain a
heteroatom or a substituent. Two out of the valences of this bond group are used to form the cyclic
structure. When Q is a trivalent or tetravalent bond group, 20 it is bonded to a polymer or another

cyclic structure through Y ingle bhand, .a double bond, om or an atom group. . The bond group
is preferably a divalent to fle(%]%[\l/%?e%?% iphatic gr %g h%%/r;nt {56 CADORPHBRL Atielent to

tetravalent alicyclierngroupfavingrdref20redrbpn Biemspa R5ativalentitostetrapalent akamatic-group
having 5 to 15 cgrbog;atoms, 9r.a combination thereof. A bond group having a.number of carbon
atoms required for thge formation o%ga cyclic st?uoiqurgt?%ese?e% euag 1a:1su %iegbg’riﬁga ?ﬁn%mple of the
combination is aR@HYIeAc-BFyIede Frouptirontich eadikyléne 3agroumandan atylerisegrewp are
bonded together, F5g aliphatic.groun, alicyelic.group,and.aromatic. $ group, constituting the bond
group may conta}%n a heteroatom or a substituent. The hetergra%%tlr#régrﬁgltglb?ﬂ% ot g.’ %ﬁgmples of
the substituent iFHdE & ikyFgfotp Habikgr v Posaisor ammis; edyf groupdavingl6de d&rcarbon

atoms, 5 halogepatohditEg GTQUP, @mige GrawR, dydroxy! graun, estes giun. ether group. and
aldehyde group. In the present invention, examples of the halogpgn atom ?nt?i%&%éhl%%ﬁerga%’ :

bromine atom affd Huine afont Oftte B&RP§RLp (YR prefeiably aidivaledt toiEdtetrdvalent bond
group representad bydhe follewingfermelakd- By eh-2) ddmdas i mide compound is more

10 preferably 100 to 750, much more preferably 250 to 750.
The cyclic structure is preferably represented by the

following formula {(1).

Q

N C==N (1)

In the above formula, 0 is a divalent to tetravalent
15 bond group which is selected from an aliphatic group, an
alicyclic group, an aromatic group or a combination of these
and may contain a heteroatom or a substituent. Two out of
the valences of this bond group are used to form the cyclic
structure. When Q is a trivalent or tetravalent bond group,
20 it is bonded to a polymer or another ¢yclic structure through
a single bond, a double bond, an atom or an atom group.
The bond group is preferably a divalent to tetravalent
aliphatic group having 1 to 20 carbon atoms, a divalent to
tetravalent alicyclic group having 3 to 20 carbon atoms, a
25 divalent to tetravalent aromatic group having 5 to 15 carbon
atoms, or a combination therecf. A bend group having a number
of carbon atoms reguired for the formation of a cyclic
structure is selected as the bond group. An example of the
combinationiseu1a1kylene~ary1enegxoup:hlwhichanalkylene
30 group and an arylene group are bonded together.

The aliphatic group, alicyclic group and aromatic



+s0--Ar2- Ri (1-2) (1-3) 15In the above formulas, Arl and Ar2 are each independently a divalent to
tetravalent aromatic group having 5 to 15 carbon atoms and may contain a heteroatom or a
substituent. Examples of the aromatic group include an arylene group 20 having 5 to 15 carbon atoms,
arenetriyl group having 5 to 15 carbon atoms, and arenetetrayl group having 5 to 15 carbon atoms.

Examples of the e aroup (divalent) include phenylene group and naphthalenediyl group.
Examples of thegg%@trﬁ% Ig%)ulpg te‘?rlv%%n%%%‘ﬁéﬁ@%ﬁéﬁ%ﬁ‘ﬁ%@ﬁ%@%@%@ n%ﬁﬁt%%?g‘?wte? | group.
Examples of thecaremetatiayt grotgn(tetralalent)srictute benzerefetray| group atid napbthatenetetrayl
group. These argmatic-aroups e ' the s ituent include an alkyl group
having 1 to 20 carboh5 30 att?m%%l %%EE%%%%{%%%%?%S%%a%?&K%t% Orlll ro%gg%g%, amide
group, hydroxyl §réap? Bsterghetp eties gratip -astk aldeyeegroup. Thdse arorheatic groups may
contain a hgterq@qrgégﬁq&%bq{g@g%jg@ﬁlggtgqgigggﬁgg@ﬁ 0 t)pgll}g@rpgtggh%re 9. N, S and P.

5RI and R2 are each independently a divalent to tetravalent aliphatic group having I to 20 carbon
atoms, a divalett6 {&trarHieftaliRyeis g dis bty 820 Eakon atoms, a combination thereof, or

a combination of the abgvealiphatis graup; theatovealieueliagiou apd a divaleRlben aton
include chlorine atom, bromine atom and icdine atom.
The bond group (Q) is preferably a divalent to

10 tetravalent bond group represented by the following formula

(1-1), {(1~2) or (1-3
1

).
—Ar ‘<O*—X1‘}O—"""Ar2"—
s (1-1)
~—R1—<omx2—}o——ra2—--—~
k

{(1-2)
3
K (1-3)
15 In the above formulas, Ar' and Ar® are each

independently a divalent to tetravalent aromatic group
having 5 to 15 carbon atoms and may contain a hetercatom or
a subsgtituent.
Examples of the aromatic group include an arylene group
20 having 5 to 15 carbon atoms, arenetriyl group having 5 to
15 carbon atoms, and arenetetrayl group having 5 to 15 carbon
atoms. Examples of the arylene group (divalent) include
phenylene group and naphthalenediyl group. Examples of the
arenetriyl group (tervalent) include benzenetriyl group and
25 naphthalenetriyl group. Examples of the arenetetrayl group
(tetravalent) include benzenetetrayl group and
naphthalenetetrayl group.
These aromatic groups may be substituted. Examples of
the substituent include an alkyl group having 1 £o 20 carbon

30  atoms, aryl group having 6 to 15 atoms, halogen atom, nitro



10 to-tetravalent aromatic group having 5 to 115 carbon atoms and may contain a heteroatom or a
substituent. Examples of the aliphatic group include an alkylene group having 1 to 20 carbon
atoms, alkanetriyl group having 1 to 20 carbon atoms, and alkanetetrayl group having 1 to 15 20
carbon atoms. Examples of the alkylene group include methylene group, ethylene group, propylene
group, butylenes arou %eniigenel%roup, hexylene %roup, heptylene group, octylene group, nonylene

group, decylenegraup. dodeyTent GrBup Mt RERAHSEYTERy oFSUis EREnbBRs SERBAKERERIyI 20
group include metivaretaid lgyolsp, etioametriyrgrosp, propanetityl gtaspe butanetriyhgreur, pentanetriyl
group, hexanetriyl gr heptanetriyl group,.octanetriyl group, nonanetriyl group, decanetriyl group,
dodecanetriyl g%%ge%g%&%%gar%tﬁ% Qa{r)ol&s. Exampleso tﬁ%ﬁfﬁﬁtﬁg%frayl BPBGS hdidde
methanetetrayl §lotiphethenesstrayl group, prdpanetetray| group, butanetetrayl group, pentanetetrayl

group, hexanetetrayl grekip ieptanetefrayl groip 8%%5‘8&%%%%’”&” fonandeliay| group,

decanetetrayl group, dodecanetetrayl group and hexadecanetetrayl group. eseé aliphatic groups
may be substitutet: EemFtad of thiosistituant dnaude ahratkyl group having-bio 20aashon atoms,

an group having:6{o, 1 carbonaloms ialogen alogn. 10,0104, AR 9r9uD, YKoyl group, ester

group, ether group and aldehyde group. These aliphatic grotips may contain 7 a heteroatom.
Examples of thé*h&Bfoatdri @ BIRL 5uhd pe rec Exdripescoftha miityichic grbuphinchitieva

cycloalkylene geoupdiaming:3 4e-2Qsarkon ajams,S eyclealkanetriylgroup haying 31,20 carbon

atoms, and cycloalkanetetrayl group having 3 to 20 carbon atoms. Examples of the cycloalkylene

group incttile cydopbropyfer giblp 2aristutyle A& Group Ve RBehtyiéhel groemr epsloRésyiene group,
cycloheptylene greupngycleegiylene 0 georireyclononylene growp: cyeladecylene group,
cyclododecylene group and cyclohexadecylene group. Examples of the alkanetriyl group include

cyclopropanetriyl group’ &ytiebiitanéthiyF§roup L ViGertaleiyPorolip - Bto ek amtiKA 8féup,
cycloheptanetrighgrappha tyigjobctanetoiyt-gidbipn Cyelonsnanetrivhgrorpy Cygledasangtivhgroup,
cyclododecanet{iyl:%rogg anéjr%rllohecxadecanetr'yl %;O%P. Examples of the alkane.tetrai/l (%roup
include cyclopropanetétrayl group. cyclobutarietstr Ay groap, Tyeibhent et 4t §tosh, 26-°

cyclohexarietetiay| grotpouycthepstaneketayb §eupo Cyclhectabkietayt grptpupyclanananetetrayl
group, cyclodecanetetr r cl canetetrayl group and.cyclohexadecanetetrayl group.
S o e o R A R e Sy Rt Foup

These alicyclic groups may be substit Xxam of'the
having 1 to 20 CATBER atGas,tafyEgroupiriving 665 etems realpgematony, leitte graampamide

group, hydroxylgroup.estes group, ether, groyn a%%%g,ehagwi%% ThesigAlicyglie groups may
contain a heteroatom to form a héterocyclic structure. Examplés of
group and hexadecylene group. Examples of the alkanetriyl
20 group incliude methanetriyl group, ethanetriyl group,
propanetriyl group, butanetriyl group, pentanetriyl group,
hexanetriyl group, heptanetriyl group, octanetriyl group,
nonanetriyl group, decanetriyl group, dodecanetriyl group
and hexadecanetriyl group. Examples of the alkanetetrayl
25 group include methanetetrayl group, ethanetetrayl group,
propanetetrayl group, butanetetrayl group, pentanetetrayl
group, hexanetetrayl group, heptanetetrayl group,
octanetetrayl group, nonanetetrayl group, decanetetrayl
group, dodecanetetrayl group and hexadecanetetrayl group.
30 These aliphatic groups may be substituted. Examples
of the substituent include an alkyl group having 1 to 20 carbon
atoms, aryl group having 6 £o 15 carbon atoms, halogen atom,
nitro group, amide group, hydroxyl group, ester group, ether

group and aldehyde group. These aliphatic groups may contain



30 the heteroatom are 0, N, S and P. Examples of the aromatic group include an arylene group
having 5 to 15 carbon atoms, arenetriyl group having 5 to 15 carbon atoms, and arenetetrayl group
having 5 to 15 carbon atoms. Examples of the arylene group include phenylene group S and
naphthalenediyl group. Examples of the arenetriyl grouy (tervalent) include benzenetriyl group and

p (tetravalent) include benzenetetragll group

naphthalenetriyl %r?}u&g}g(gg{ples of e arﬁ?etetragl ou
and naphthalenetetrayl Group. B Thes& arématic § &%5&?58&%&%@ Exdmples &f e
substituent inclu@e an alkyl group having 1 to 20 carbon atoms, aryl group having 6 to 15 atoms,

halogen atom, nitro group ide group, hydroxyl.group, ester group, ether group and aldehyde group.
These aromatic groups mgé%%%%%n 8)?[0 Méete?o}zfa %r%%g bfgrng 5%1%?&3013? }éagﬁru%ture. Examples of the
heteroatom are @YN,19ankP.iangX2ardesdmindependentlyca divatent tateiravalent aliphatic

group having 1 tgéptl%%gg{eog@ﬁrﬁdié/@%t%ge‘pﬂglgtl glcijcy inc ggo%oga\g@% n:?) Sto 20 carbon 15

atoms, a divalent to tetravalent aromatic gr having carbon atoms ora combinaé?%n thereof
and may contairC¥ AéRre&Bneses sapstitteatr haExbnglés dbthetaliphatiograuminsiude an

alkylene group W&%%Zgﬁa{%“ Méaﬁ%@@%&qé‘l [J%EO&E ayin 494 19 %qgﬁab‘r:rgc%]a‘%tgrm S, and

alkanetetrayl group having 1 to 20 carbon atoms. Examples of the alkylene group e me‘?hylene
group, ethylene GFSU prépiferidyionhs Batyleitd §roupy pé sy ineigreup, lwesylane group, heptylene
group, octylene g{ﬂﬂﬂ@ﬂ@ﬂ)ﬂ@@ﬁ@r%%&?,cy!'fg@l%ﬁ@@t%&%le@? group and hexadecylene

group. Examples of the alkanetriyl group include methanetriyl group, ethanetriyl group; propanetriyl

group, buttRetrifi'gtotp, (EftarSRYrgretp, A&yt L$feptaiEtrigPolp, octanetriyl group,
nonanetriyl groupy decaneidygrewp, dodeganatilyl grpups3kand bexadeganeiriyl group. Examples of
the alkanetetrayl %ﬂo"%g include methanetetrayl group, ethanetetrayl group, propanetetrayl group,

. pe

butanetetrayl gro htan8lethT Gotpfi tefayBlotC hEFRBIEH AR GrBaH ctdnetetray |
group, nonanetegrayhgroupy decanetetiayhr O grou,clasiecanetetigyhgrodpandhexadeganetetrayl

group. cyclohexanetriyl group, cycloheptanetriyl group,

15 cyclooctanetriyl group, cyclononanetriyl group,
cyclodecanetriyl‘group, cyclododecanetriyl group and
cyclohexadecanetriyl group. Examples of the alkanetetrayl
group include cycleopropanetetrayl group,
cyclobutanetetrayl group, cyclopentanetetrayl group,

20 cyclohexanetetrayl group, cycloheptanetetrayl group,
cyclooctanetetrayl group, cyclononanstetrayl group,
cyclodecanetetrayl group, cyclododecanetetrayl group and
cycichexadecanetetrayl group.

These alicyclic groups may be substituted. Examples

25 of the substituent include an alkyl group having 1 to 20 carbon
atoms, aryl group having 6 to 15 atoms, halogen atom, nitro
group, amide group, hydroxyl group, ester group, ether group
and aldehyde group. These alicyclic groups may contain a
hetercatom to form a heterocyclic structure. Examples of

30 the hetercatom are 0, N, 8 and P.

ExamplescﬁfthearomaticgroupincludeEHlaryleaegroup
having 5 to 15 carbon atoms, arenetriyl group having 5 to
15 carbon atoms, and arenetetrayl group having 5 to 15 carbon

atoms. Examplesofthearylenegroupincludephenylenegroup



These aliphatic groups may be substituted. Examples of the substituent include an alkyl group haying
1 to 20 carbon atoms, aryl group having 6 to 15 carbon atoms, halogen atom, 5 nitro group, amide
group, hydroxyl group, ester group, ether group and aldehyde group. These aliphatic groups may
contain a heteroatom. Examples of the heteroatom are®, N, S and P. Examples of the alicyclic group

include a 10 cyc having-3 to 20 carban atoms, cycloalkanetriyl group_having 3 to 20

carbon atoms, a%qﬁ:kﬁ{gﬁgr%;%ﬁgélﬁg  iaving t}éa%rgaerﬁcgér? at%lr%s‘? x% &§ of &P

cycloalkylene grétpinedde tyclopropyfentaneamsdycliobltytenen roup reyclopeatdenre-gropp, 15

cyclohexylene ajgup, cyclafishhdens deun, cuclopelylans algup, Qycpronylene aroup cydodecylene
xa pPespof ﬁ/ g

group, cyclododécylene group and cyclohexadecylene group. & afkanetr oup

include cyclopropafiéttiegrsuls Tyelbbtitastiygrotpaayt|opaitahettiyhgloapr 20 tyglohexanetriyl

group, cyclgheptanetriyl-graup, gyclpectanetivl,group, cyslonanagetriyl group, %Q%?f geryl group,
e

cyclododecanetriyl group and cyclohexadecanetriyl group. Examples of the alkanetetrayl group include
cyclopropanetetrayft GroRE 25 BFiShimetEtry by éySspuRmdretdmsylgiou s, Cyoiottexanetetrayl
group, cycloheptanatetrayhgroupexgiooctanateteay 9roupeysienonanatettayl.aralp, ;v o

cyclodecanetetrayl group, cyclododecanetetrayl group and cyclohexadecanetetrayl group. 30These

alicyclic groups iy be SBSHEEY BRI GFTHE Sisstitie RERER S AR BReup HamiYy 1 to 20

carbon atoms, asydraup&aying &teoly atomeebalogenatom it Qreup raridegreuR sydroxyl
group, estf(g grollfgtethergroup and aldeh%deégrou . These alicyclic groups may contain a 10

heteroatom to fotrT 5 heterdlydiie stektur STPREYSHRE heterb&TonT Sre OEKESPARPPOL
Examples of thecamwnaticegroapdnclade:an arWene gseidp paving 5 to 15 carbon atoms, arenetriyl
group having 5 to 5 15 carbon atgms, and arenetetrayl group having 5 to, 15 carbon atoms. Examples
of the arylene group inc udé?uﬁ er%ﬁe%g%rgﬁﬁj%n rﬁ%%ﬁ%%ae%{é g?‘oﬁﬁ”@ga‘?ﬁﬁleg‘af the arenetriyl
group (tervalent} #richedebemze retriyligrous apdanaphthatenetriyl groum Exarhplies of dhesarenetetrayl
group (tetravaleg_n&)v]aq@gl&lq% q_eégggg @9{15 and naphthalenetetrayl group, These aromatic
groups maybe substituted. Examples o%?tfhe s%gtilt%ggg inclyte an %%ﬁlgrygu%%g/%n(}g cf‘t’f)béﬁqcarbon
atoms, arylPgroi-Raings6 &3 Y8 bfdris CRalogjehcatede hiftre groupt amidegroupalnidrgxyl group, ester

group, ether grou) carbon atoms or a combination thereof and may contain a
hetercatom or a substituent.
Examples of the aliphatic group include an alkylene
group having 1 to 20 carbon atoms, alkanetriyl group having
20 1 to 20 carbon atoms, and alkanetetrayl group having 1 to
20 carbon atoms. Examples of the alkylene group include
methylene group, ethylene group, propylene group, butylene
group, pentylene group, hexylene group, heptylene group,
octylene group, nonylene group, decylene group, dodecylene
25 group and hexadecylene group. Examples of the alkanetriyl
group include methanetriyl group, ethanetriyl group,
propanetriyl group, butanetriyl group, pentanetriyl group,
hexanetriyl group, heptanetriyl group, octanetriyl group,
nonanetriyl group, decanetriyl group, dodecanetriyl group
30 and hexadecanetriyl group. Examples of the alkanetetrayl
group include methanetetrayl group, ethanetetrayl group,
propanetetrayl group, butanetetrayl group, pentanetetrayl
group, hexanetetrayl group, heptanetetrayl group,

octanetetrayl group, nonanetetrayl group, decanetetrayl



15 and aldehyde group. These aromatic groups may contain a heteroatom to form a heterocyclic
structure. Examples of the heteroatom are 0, N, S and P. s and k are each independently an
integer of 0 to 10, preferably 0 to 3, more preferably 0 to 1. When s and k are 20 larger than 10, it is
difficult to synthesize the cyclic carbodiimide compound?and its cost may rise sharply. From this point

of view, the integger is refg(r)aé)elyéselegtgg}%org 0 t1_9 3. Whea sgor k i% 2 or more, Xi or X2 as a recurring
or X2, respedtively- 255 S 8% dVARNEIFITavARRY &ligFaPgroup

unit may differ from another
having 1 to 20 carbon atBness @ divalehbtoitetravalens alieycliogreup sraving:3 . 20rcashgn atoms, a

divalent to tetravalepy aromatic gr \j 15 carbon atoms or a combination thereof and may
contain a heteroatom or a su%stitt?e%%.%?o}@lagﬁ%&no? thEé] gli%fi’gtliléD g{%%ﬁ% REEE &7 SRYIBRE group

having 1 to 20 cailsgneatony, lalkasettyhgroupchaving 130 20rtarbontatoms, lentlcatkaneatetrayl group
o L 1020 cRtonole,Faples gL AR IONRA e etehe QLo eene

Y
group, propylene group, butylene 11 group, pentylene group,”hexylene grourp, ﬁep lene group,
octylene group, ABRYBFEgradsialeciRaE grtup, dotkasladd givupland:hexadevylenemradp.
Examples of thealkanetriylgromp ineludsmethanstriyhgronp ethagetiyl gioup,5 Rropanetriyl group,

butanetriyl group, pentanetriyl group, hexanetriyl group, heptanetriyl group, octanetriyl group,
nonanetriyl grou%; decanetriyl group, dodecanetriyl group and hexadecanetriyl group. Examples of the

alkanetetrayl group incluge: methanetatrayh group, @fhanetet:ay group, 10 propanetetrayl group,
butanetetrag/l grow, pentanetetrayl group, hexanetetrayl gro?léé), heptanetetrayl group, octanetetrayl
a

group, nomdneté Ayt Grouly HeRENSEREN 1Bt odeddnetdtrayR g @idHéxadecanetetrayl group.

These aliphatic gratips=bRy ceBtaiya stbstityent Lbxamples o thessubstituentdpclude an alkyl
group having 1 {0 %q cg(;ﬂgg atgms ar igrou havingé() to 15 carbon atoms, halogen atom, nitro
group, amide group; Ay roxﬁegrgﬁg, er’dratiB, EME+Grbub & altefi§d®ghodd: These aliphatic
groups may corfiaiarepieterodtonneExamples Gt fheheteroatom 20crads NS a8g:Rpy1Examples of

the alicyclic gro g} ude, a cycloalkylene group having 3 to 20 carbon atoms, cycloalkanetriyl group
having 3 to 20 CAbOIT ator s?%%%%%ﬁ%ﬁkan%%e%%ﬁ g?qgl?p? RRGRG }.5»%% EArBBK atoms. 25 Examples

of the cycldalkylkerie grbapinciude eyctopropylené greps,ycetobutptensgrotyp: tyelopgniylene group,
cyclohexylene gggpqyc&y@pgﬂ%?gg}y@, §¥ggﬁggtygg1§1%8§%éyé:£ononi(lene group, cyclodecylene

group, cyclododecylene group and cyclohexadecylene group. xameplgs oHthe alkanetriyl group
include cycloprépanEbRAYREID; Y EloBtiHtIAIGreNs cyopederieliigroupyayclohexanetriyl
group, cycloheptanetiykaroup «gyclagstanetriylgroup. qyslonenangitivl graup, cyclodecanetyiyl group,
cyclododecanetriyl group and

grolp, cyclobutanetriyl group, cyclopentanetriyl group,

20 cyclohexanetriyl group, cycloheptanetriyl group,
cyclooctanetriyl group, cyclononanetriyl group,
cyclodecanetriyl group, cycledodecanetriyl group and
cyclohexadecanetriyl group. Examples of the alkanetetrayl
group include cyclopropanetetrayl group,

25 cyclobutanetetrayl group, cyclopentanetetrayl group,
cyclohexanetetrayl group, cycloheptanetetrayl group,
cyclooctanetetrayl group, cyclononanetetrayl group,
cyclodecanetetrayl group, cyclododecanetetrayl group and
cyclohexadecanetetrayl group.

30 These alicyclic groups may be substituted. Examples
of the substituent include an alkyl group having 1 to 20 carbon
atoms, aryl group having 6 to 15 atoms, halogen atom, nitro
group, amide group, hydroxyl group, ester group, ether group

and aldehyde group. These alicyclic groups may contain a



12 cyclohexadecanetriyl group. Examples of the alkanetetrayl group include cyclopropanetetrayl
group, cyclobutanetetrayl group, cyclopentanetetrayl group, cyclohexanetetrayl group,
cycloheptanetetrayl group, 5 cyclooctanetetrayl group, cyclononanetetrayl group, cyclodecanetetrayl
group, cyclododecanetetrayl group and cyclohexadecaketetrayl group. These alicyclic groups
may contain a sHté%tguent Exa %Ie of the s%bstytuent In(ih:JLde an alk%lt%roup having 10 1 to 20 carbon

oatom a G hiide g@%ﬁﬂ‘ﬂhﬁﬁo%ﬁ group,

orm erocyc
atoms, arylene group having 6 to 1 a%oms, halogen &ton, nltrg’ﬁf%h
ester group, ethekrgrouptandaldehyde grdup. FheSe anomatic groups may contain a heteroatom to

form a heterocyclic structyre, Xam t tom are Q, NS and P. 15Examples of the
aromatic group include an arx}lfzene g%fu%p%%a%%g %ﬁ%g 5gga?€8n1§8%%€§r%ﬁe rjl‘ﬂ}XEb%lLﬁapgnra?/ﬂ?g 5t0 15
carbon atoms, ai@varetiefetiay| dloupiaving 5tens carbbematonis; Exanaples b&thenaryferresgroup

include phanyleng roup and: paphalenedyLaroLo. Expmules of. e pieneli grp pc%%ﬁé%f%a'enﬂ

include benzenetriyl group and naphthalenetriyl group. Examples of the arénetéfrayl grodi

(tetravalent) incRitleenzemetdirayt §rot - sEraptng sieteayhgroupe pheTlydssnargmatip groups

may be substitutach Examplesiefiag sybstiuent includs an alkyl gryp.haying 1 E%d‘% @?8&1 25
roxyl gro

atoms, aryl grouE havini6 to 15 atoms, halogen atom, nitro group, amide group, hy up, ester

group, ether grobipSantPaehydeittoupleTRERE GRGR ALY §rodpaimayeontt alretematamitd form a

heterocyclic strugtdres Examples of thedreterpatamaare s Ne,and Po39As deserbed ahove, Arl,
Ar2,X2 and X3 may contain a heteroatom. When Q is a divalent bond group, all of ArT, Ar2, 1R.1,

122,X2 and X3 AR divafe i GrEGRE Ve OlisTd fithartt boma g Ba0 SO 6LARYAr ZROURI-x2 and -3

A is a tervalent These aromatic groups may be substituted. Examples of
the gsubstituent include an alkyl group having 1 to 20 carbon
atoms, aryl group having 6 to 15 atoms, halogen atom, nitro
group, amide group, hydroxyl group, ester group, ether group

15 and aldehyde group. These aromatic groups may contain a
heteroatom to form a heterocyclic structure. Examples of
the heterocatom are 0O, N, 8 and P.

s and k are each independently an integer of 0 to 10,
preferably 0 to 3, more preferably 0 £to 1. When s and k are

20  larger than 10, it is difficult to synthesize the cyclic
carbodiimide compound and its cost may rise sharply. From
this point of view, the integer is preferably selected from
0 tc 3. When s or k is 2 or more, X' or X* as a recurring
unit may differ from another X' or X?, respectively.

25 X* is a divalent to tetravalent aliphatic group having
1 to 20 carbon atoms, a divalent to tetravalent alicyclic
group having 3 to 20 carbon atoms, a divalent to tetravalent
aromatic group having 5 to 15 carbon atoms or a combination
thereof and may contain a heterocatom or a substituent.

30 Examples of the aliphatic group include an alkylene
group having 1 to 20 carbon atoms, alkanetriyl group having
1 to 20 carbon atoms, and alkanetetrayl group having 1 to
20 carbon atoms. Examples of the alkylene group include

methylene group, ethylene group, propylene group, butylene



13 group. When Q is a tetravalent bond group, one of Arl, Ar2, RI, R2, XI, X2 and X3 is a tetravalent
group, or two of them are tervalent groups. Compounds represented by the following formulas
(a) 5 to (c) are enumerated as examples of the cyclic carbodiimide used in the present invention.
<cyclic carbodiimide (a)> A compound represented by e following formula (2) 10(maybe referred to

as "cyclic carbodijimide (). hereinafter) is given as the cyclic carbodiimide used in the present
invention. Co qél::(:ﬁiN 2?2% %reé%égo e for Ulé?}e(j{g |seélgiv%re%ltl%b%eg%§ Whieh®t5’ EPselected
from an aliphaticogreyipeas dicgtiic. grovpy draeomativgrode oy hcombinatian of thkseyancmay

contain a heterogiom,.or a systituent The aliphatic grou icyclic group .and arpmatic group are as
defined in the ag)ve ormula (1). In thte;%io com%%tungJ of t%ﬁogr%]%?a (é#aal?)? tﬁlef g]ﬁ[?ﬁéttlcl@?%up,
alicyclic group af8@fEmMatE sl arctdivaleht Qs preferably: altradent hohdgroup of the following

formula (2-1), (Zﬁﬁﬁ@rg?l(%%)mp, butanetriyl group, pentanetriyl group,
hexanetriyl group, heptanetriyl group, octanetrivyl group,
nonanetriyl group, decanetriyl group, dodecanetriyl group
and hexadecanetriyl group. Examples of the alkanetetrayl
group include methanetetrayl group, ethanetetrayl group,

10 propanetetrayl group, butanetetrayl group, pentanetetrayl
group, hexanetetrayl group, heptanetetrayl group,
octanetetrayl group, nonanetetrayl group, decanetetrayl
group, dodecanetetrayl group and hexadecanetetrayl group .

These aliphatic groups may contain a substituent.

15 Examples of the substituent include an alkyl group having
1 to 20 carbon atoms, aryl group having 6 to 15 carbon atoms,
halogenatom,ﬁitrogroup,amidegroup,hydroxyigroup,ester
group, ether group and aldehyde group. These aliphatic
groups may contain a hetercatom. Examples of the heteroatom

20 are 0O, N, 5 and P.

Examples of the alicyclic group include a
cycloalkylene group having 3 to 20 carbon atoms,
cycloalkanetriyl group having 3 to 20 carbon atoms, and
cycloalkanetetrayl group having 3 to 20 carbon atoms.

25 Examples of the cycloalkylene group include cyclopropylene
group, cyclobutylene group, cyclopentylene group,
cyclohexylene group, cycloheptylene group, cyclooctylene
group, cyclononylene group, cyclodecylene group,
cyclododecylene group and cyclohexadecylene group.

30 Examples of the alkanetriyl group include cyclopropanetriyl
group, cyclobutanetriyl group, cyclopentanetriyl group,
cyclohexanetriyl group, cycloheptanetriyl group,
cyclooctanetriyl group, cycloncnanetriyl group,

cyclodecanetriyl group, cyclododecanetriyl group and



(2-2) 14 a In the above formulas, Aral, Ara2, Rd', Ra2 xal,a2 x3, , RD., R2, and k are identical to Arl,
Ar2x2, x3, s and k defined in the above formulas (1-1) to (1-3), respectively. However, all of them are
divalent. 5The cyclic carbodiimide (a) is preferably a compound represented by the following formula
(2-1-1). In the above formula, Xal is an alkylene group having preferably 1 to 20 carbon atoms,

more preferably gl}gﬂgh%@gggg ggr?é(e@j?gggﬁge}tgﬁ%z of @}ga%!kyilgge %oggénglfge I{ne%thgl%l%group,

ethylene group, trimethylene group and ne group. the above formula, and
Ara2 are each irfffeperdamiylan aryteird glotpsavirite5 16 15 cartsorpatoms 15 which may be

substituted. Exagy@%%(ltgg@)élggg&;qu%w,e‘w&%@gﬁgggg&qﬁg%gﬁediyl group. The

arylene group may be substituted. The substituent is an alkyl group having carbon atoms,
preferably 1 to 65CAFBERBTGHS TtarAles BF thePsubatitdatardade rrtmA 20 groeppethyl group and

propyl group.  cyelooctanetetrayl group, cyclononanetetrayl group,
cyclodecanetetrayl group, cyclododecanetetrayl group and
cyclohexadecanetetrayl group.
These alicyclic groups may contain a substituent.
Examples of the substituent include an alkyl group having
10 1 to 20 carbon atoms, arylene group having 6 to 15 atoms,
halogen atom, nitro group, amide group, hydroxyl group, ester
group, ether group and aldehyde group. These aromatic groups
may contain a hetercatom to form a heterocyclic structure.
BExamples of the heterocatom are 0O, N, 8§ and P.
15 Examples of the aromatic group incliude an arylene group
having 5 to 15 carbon atoms, arenetriyl group having 5 to
15 carbon atoms, and arenetetrayl group having 5 to 15 carbon
atoms. Examples of the arylene group include phenylene group
and naphthalenediyl group. Examples of the arenetriyl group
20 {tervalent)} include benzenetriyl group and naphthalenetriyl
group. Examples of the arenetetrayl group (tetravalent)
include benzenetetrayl group and naphthalenetetrayl group.
These aromatic groups may be substituted. Examples of
the substituent include an alkyl group having 1 to 20 carbon
25 atoms, aryl group having 6 to 15 atoms, halogen atom, nitro
group, amide group, hydroxyl group, ester group, ether group
and aldehyde group. These aromatic groups may contain a
hetercatom to form a heterocyclic structure. Examples of
the hetercatom are O, N, § and P. |
30 As described above, Ar’, Ar®, R', R®, X%, X? and X°® may
contain a heterocatom.
When Q is a divalent bond group, all of ar®, ar?, r?,
R?, X', ¥ and X* are divalent groups. When Q is a tervalent

1

bond group, one of Ar', Ar?, R, R?, X%, X and X% is a tervalent



The cyclic carbodiimide (a) is preferably a compound represented by the following formula (2-1-1a).

0-Xa -0 In the above formula, Xal is an alkylene group having 25 preferably 1 to 20 carbon atoms,

more preferably 1 to 10 carbon atoms, much more preferably 1 to 4 carbon atoms. Examples of the

alkylene group include methylene group, ethylene group3 15 trimethylene group and tetramethylene

group. In the above formula, R%Land Rr are each independently an alkyl group having preferably 1
I

to 20 carbon atofis; Wore Pretétably T @ & GhrboRcERSs BGEH R0 EXamPIEs 5 BF the alkyl

group include methylmroup; ety grosipxdnd prapylgredpralenthg follawing COppOUNEs.aley

enumerated as exam@lgs of Rh%%yclic carbodiimide compound (a). 01,3( N=C=N 10(n is an integer of
0

1t0 6) (nis an integer of 1 groups.
Compounds represented by the following formulas (a)

5 to {¢) are enumerated as examples of the cyclic carbodiimide

used in the present invention.

<cyclic carbodiimide (a)=
A compound represgsented by the folleowing formula (2)
10 {may be referred to as “cyclic carboediimide (a)” hereinafter)

is given as the cyclic carbodiimide used in the present

-

NG N (2)

invention.

In the above formula, Q, is a divalent bond group which
15 ig selected from an aliphatic group, an alicyclic group, an
aromatic group or a combination of these and may contain a
heterocatom or a substituent.
The aliphatic group, alicyclic group and aromatic
group are as defined in the above formula (1). In the
20 compound of the formula (2}, all of the aliphatic group,
alicyclic group and aromatic group are divalent. Q. is
preferably a divalent bond group of the following formula

(2-1), (2-2) or {(2-3).

Ara1< OmXa1}OwAr32—
s (2-1)
—R;{o—-xaz}o—ml:eaz—

25 K (2-2)

____Xa&um



15 (mis an integer of 0 to 3, and n is an integer of 0 to 3) 16 (m is an integer of O to_5, and n is an
integer of 0to 5) N=C =N 5(nis anintegerof 0to5) (CH2), 10N = C =N (n is an integer of 5 to 20)

[IN7ONV\\ O 10
14

In the above formulas, Ar,', Ar.®, R.', R.%, X.b, X.2, X.°,

s and k are identical to Ar', Ar?, R', R?, X%, ¥*, %} s and

k defined in the above formulas (1-1) to (1-3), respectively.
However, all of them are divalent.

5 The cyclic carbediimide (a) is preferably a compound

repregented by the following formula {2-1-1).

O—X,'—0
/T N
Ara1 /Araz
\NWCEN (2-1-1)

In the above formula, X,° is an alkylene group having
preferably 1l to 20 carbon atoms, more preferably 1 £o 10 carbon
16 atoms. Examples of the alkylene group include methylene
group, ethylene group, trimethylene group and tetramethylene
group.
In the above formula, Ar,' and Ar.,’ are each
independently an arylene group having 5 to 15 carbon atoms
15  which may be substituted. Examples of the arylene group
include phenylene group and naphthalenediyl group. The
arylene group may be substituted. The substituent is an
alkyl group having 1 to 20 carbon atoms, preferably 1 to 6
carbon atoms. Examples of the substituent include methyl
20  group, ethyl group and propyl group.
The cyclic carbodiimide (a) is preferably a compound

repregented by the following formula (2-1-1a).

O—X,'—0O
qu_'(\\/\j !\Nm-—-R’
ké\/hrw—c N/\/
=l (2-1-1a)

In the above formula, X.' is an alkylene group having
25 preferably 1l to 20 carbon atoms, more preferably 1 to 10 carbon
atoms, much more preferably 1 to 4 carbon atoms. Examples

of the alkylene group include methylene group, ethylene group,



15(nis an integer of 1 to 6) 18 10(m and n are each an integer of 0to 3) (m and p are each an
integer of 1to 5, and nis an integerof 1to 6) C.)\ N C (nis an integer of 1 to 6)

15

trimethylene group and tetramethylene group.

Ir the above formula, RY and R* are each independently
an alkyl group having preferably 1 to 20 carbon atoms, more
preferably 1 to 6 carbon atoms or hydrogen atom. Examples

5 of the alkyl group include methyl group, ethyl group and
propyl group.

The following compounds are enumerated as examples of

the cyclic carbodiimide compound (a).

10 (n is an integer of 1 to &)

(n is an integer of 1 to &)

15
{m is an integer of ¢ to 3, and n ig an integer of 0 to 3)



30 (nis an integer of 1 to 6) <cyclic carbodiimide (b)> Further, a compound represented by the
following 19 formula (3) (maybe referred to as "cyclic carbodiimide (b)" hereinafter) can be given as
the cyclic carbodiimide used in the present invention. (3) 5In the above formula, Qb is a tervalent
bond group which is selected from an aliphatic group, & alicyclic group, an aromatic group or a
combination of these and may contain a heteroatom or a substituent. Y is a carrier supporting the
cyclic structure. The aliphatic group, alicyclic group and 10 aromatic group are as defined in the
formula (1). In the compound of the f of the groups constituting Qb is tervalent.

Qh is preferably a tervalent bondtgfoup r ented%y the following formula (3-1), (3-2) or (3-3).

(m is an integer of 0 to 5, and n is an integer of 0 to 5)

H.C
o O |
llllll::bd:(::lv::I|||I|
5 (n is an integer of 0 to 5)
(j,f {CHy),
1G N==(C~=

(n is an integer of 5 to 20)



(3-2) (3-3) In the above formulas, Arbl, Arb 2, RblI Rb 2, )(hi xb 2 X1,3, s and k are identical to
Arl, Ar2, R1, R2 xl, X2, x3 s 20 and k defined in the above formulas (1-1) to (1-3), respectively.
However, one of them is a tervalent group. Y is preferably a single bond, double bond, atom, atom
group or polymer. Y is a bond part, and a pIuraIity of cytlic structures are bonded together by Y to form
a structure 25 represented by the formula (

( f)é

Q
{m, n, p and g are each an integer of 1 to §)

N==gC== N 'p

5 (m, n and p are each an integer of 1 to &)

O
N///\\\//
fl
C
I
N

7 \o

oWlie

N == (C#== N

i0

15 (n is an integer of 1 to &)



The following compounds are enumerated as examples of the cyclic carbodiimide compound (b). 0 00
C =N (nis arecurring unit) 00 o = 15(m and n are each an integer of 1 to 6) 21 (p, m and n are
each an integer of 1 to 6) <cyclic carbodiimide (c)> 10A compound represented by the following

formula (4) 18

10 (m and n are each an integer of 0 to 3)

@ O\H/O
n
c :@)\(/)KCHg
15 i N==C== N
P

(m and p are each an integexr of 1 to 5, and n is an integer

of 1 to 6}

(n is an integer of 1 to &)
0
s
n
@. N==C == |

(n is an integer of 1 to &)

25

30

<cyclic carbodiimide (b)>

Further, a compound represented by the following



(maybe referredtoas "cyclic carbodiimide Cc)" hereinafter) can be given as the cyclic carbodiimide
used in the present invention. (4) 15In the above formula, Q, is a tetravalent bond group which is
selected from an aliphatic group, an alicyclic group, an aromatic group or a combination of these and
may contain a heteroatom or a substituent. Z2 and Z2 af each a carrier supporting the cyclic

structure. ZI andf%%m@/b g) n 20 together to form a cyglic structure. The aliphatic group,
alicyclic group and arom%ti?: gfoﬁg e%ées gd%%]re\er n ﬁeofgr%ul%y(i;ﬁﬁ t%%%?r‘?dddﬂﬂ% the)formula
(4), Q, is tetravalerit ETheréfore,) o of theseigreupsis tetravatent, dr twea ob them areitervaleat. 250,

is preferably a t%@v@@t&)@g JLeup feprgsented by the following formula (4-1), (4-2) or (4-3).

X,1)-0-Ar, (4-1) 22 (4-2)
Y

N==== == (3)

5 b}theaboveformula,Qbiﬁ.atervalentbondgroupvmdch
is selected from an aliphatic group, an alicyclic group, an
aromatic group or a combination of these and may contain a
hetercatom or a substituent. Y is a carrier supporting the
cyclic structure. The aliphatic group, alicyclic group and

10 aromatic group are as defined in the formula (1). In the
compound of the formula (3), one of the groups constituting

Ow 18 tervalent.
Qv 18 preferably a tervalent bond group represented by

the following formula (3-1), (3-2) or (3-2).

)
VS P 2
Arb ‘<O Xb }O‘“—" My =
15 S (3-1)
“Rb1~<0-——xb2}0m—Rb2—
Kk

VR
Ko (3-3)

(3-2)

In the above formulas, Ary', Ary®, R.', Rp?, %', X7,
Xp®, 8 and k are identical to Ar', Ar?, RY, R*, X', X*, X, s
20 and k defined in the above formulas (1-1) to (1-3),
regpectively. However, one of them is a tervalent group.
Y is preferably a single bond, double bond, atom, atom
group or polymer. Y is a bond part, and a plurality of cyclic
structures are bonded together by Y to form a structure

25 represented by the formula (3).



(4-3) Are', Ar2,cR.,2x01,)(0 2, )cc 3, s and k are identical to Arl, Ar2, RI, H2,)(2 )(3 s and k defined
in the above 5formulas (1-1) to (1-3), respectively. However, one of Are', Arc2, Re', Rc2, Xcl, X02 and
X,3 is a tetravalent group, or two of them are tervalent groups. Z1 and Z2 are each independently
a single bond, double bond, atom, atom group or poly€r. Z1 and Z2 are each a bond 10 part, and a
plurality of cyclic structures a ed 1o ether b and Z2 to form a,str cture re ented by the
formula (4). A comp%nd%%?ggént &d by the %(jwmge?ormuré @Ptayis pref}é?p iaeit,sth%fcycl|c
carbodiimide corippusH{E) 15 @@—qb];)dllmlxdhemyemmmamcl is an alkanetetrayl group having
preferably 1 to 20 carbon atoms, more preferably 1 to 10 carbon atoms, much more preferably 1 to 6
carbon atoms. 20 Examples of the alkanetetrayl group include isobutanetetrayl group,

entanetetrayl group

isopentanetetrayl group and neopentanetetrayl group. It i§peferaklynpneopent:
represented by the following formula. 23 C

. O N
N==( == N

(n is a recurring unit)

i0

15 {m and n are each an integer of 1 to 6}



H2IH2 C-C-C- CH2 In the above formula, Arci, Arj, Arj and ArO4are each independently an arylene
group having 5 to 15 carbon atoms which may be substituted. Examples of the arylene group 5 include
phenylene group and naphthalenediyl group. The arylene group may be substituted. The substituent is
an alkyl group having 1 to 20 carbon atoms, preferably2llto 6 carbon atoms. Examples of the
substituent include methyl group, ethyl group and propyl group. 10A compound represented by the
following formula (2-1-1c) is preferred as the cyclic carbodiimide (c). N-C-N Rs- ox 1-- (7- /4 Rq 54%2

(2-1-1c) In the above formula, Xj is an alkanetetfayls /T5Hawng preferably 1 to 20 carbon atoms,
more preferably 1 to 10 carbon ato NOLE carbon OMS.
Examplesofthealkanetetraylgroupt isebl i entgetetra’yl% oup and

represented by 2 owing

formula.
(p, m and n are each an integer of 1 toc 6}
<cyclic carbodiimide {(c¢)»

10 A compound represented by the following formula (4)
(may be referred to as “cyclic carbodiimide {(c¢)” hereinafter)
can be given as the cyclic carbodiimide used in the present
invention.

Vi
(_\ Qc/—v
N==C== (4)
15 In the above formula, Q. is a tetravalent bond group

which is selected from an aliphatic group, analicyclic group,

an aromatic group or a combination of these and may contain

a heteroatom or a substituent. Z* and Z? are each a carrier

supporting the cyclic structure. 2' and z° may be bonded
20 together to form a cyclic structure.

The aliphatic group, alicyclic group and aromatic
group are as defined in the formula (1). In the compound
of the formula (4), Q. is tetravalent. Therefore, one of
these groups is tetravalent, or two of them are tervalent.

25 Qc is preferably a tetravalent bond group represented

by the following formula (4-1), {(4-2) or (4-3).

——mArc*{o—x;}o—ArCQ—m
S (

4-1)



24 CH2 H2IH2 -C-C- CH2 In the above formula, Rq, Rr, Rs and Rt are each independently an
alkyl group having 1 to 20 carbon atoms, preferably 1 to 6 carbon atoms, or hydrogen atom. Examples
5 of the alkyl group include methyl group, ethyl group and propyl group. The following compounds

can be given as examples of the cyclic carbodiimide co#@pound (c). 25 <polymer>
----—R;—{om—xf}o—m—-Rf——»
' K (4-2)
S
Xe (4-3)

Arclf Arczr Rclr RCZ

to Ar', Ar®, rR', R?, X', X?, X°, = and k defined in the above

, X, X2, X.?, g and k are identical

5 formulas (1-1) to (1-3), respectively. However, one of Ar.',
ar.?, RS, R?, %', X.% and X.° is a tetravalent group, or two
of them are tervalent groups.

z' and z° are each independently a single bond, double
bond, atom, atom group or polymer. 2! and %° are sach a bond
10  part, and a plurality of cyclic structures are bonded
together by 2 and z° to form a structure represented by the
formula (4).
A compound represented by the following formula

(4-1-1) ispreferred as the cyclic carbodiimide compound (c) .

15
N C=—=N
Araz// At
c fe
\\\O O//,
1/
o Xc\o
/\rcli:::; \\\‘V%r 2
/ ¢
Nee=—=C N (4_1_1)

In the above formulsa, Xﬁ'is an alkanetetrayl group

having preferably 1 to 20 carbon atoms, more preferably 1

to 10 carbon atoms, much more preferably 1 to 6 carbon atoms.

20 Examplescﬁfthealkanetetraylgroupincludeisobutanetetrayl
group, isopentanetetrayi,groupauuineopentanetetrayﬁ.group.

It is preferably a neopentanetetrayl group represented by

the following formula.



In the present invention, the polymer for which the cyclic carbodiimide compound is used has an acid
group. The 5 acid group is at least one selected from the group consisting of carboxyl group, sulfonate
group, sulfinate group, phosphonate group and phosphinate group. The melting point of the polymer is
preferably 100C or higher, more preferably 150C or higher. 10The polymer is at least one selected
from the group consisting of polyester, polyamide, polyamide-imide, polyimide and polyester amide.
(polyester) 15The polyester is, for example¢, a polymer or copolymer obtained by polycondensing at
least one selected from a dicarboxylic aci qr ester forming compound thereof, a dial or ester forming
compound thereof, a hydroxycarboxylic a |d20rHester forming compound thereof, and a lactone. It is 20
preferably a thermoplastic polyester. %J.e.[,r@épﬁstic polyester may contain a crosslinked 26
structure treated with a radical generation lsource such as energy active line or an oxidizing agent to
achieve moldability. Examples of the abovgdicarboxylic acid or ester 5 forming compound thereof
include aromatic dicarboxylic acids such as terephthalic acid, isophthalic acid, phthalic acid,
2,6-naphthalenedicarboxylic acid, 1,5-naphthalenedicarboxylic acid, bis(p-carboxyphenyl)methane,
anthracenedicarboxylic aci -diphenyl ether dicarboxylic acid, 5-tetrabutylphosphonium
isophthalic acid and 5-52%3%‘} %u of%g%ht a fg%l%?d’. irﬁati%(%‘fcar %Ii@ggd%%;l?cﬁ%% 624t acid,
succinic acid, adipiéeRaTcebhdc ddid 2aselsitacty daddeanédiviGatid, ifaloniciaoid, glotasic

which may be substituted. Examples of the arylene group
5 include phenylene group and naphthalenediyl group. The
arylene group may be substituted. The substituent is an
alkyl group having 1 to 2C carbon atoms, preferably 1 to 6
carbon atoms. Examples of the substituent include methyl
group, ethyl group and propyl group.
10 A compound repregented by the following formula

{2-1-1c) is preferred as the cyclic carbodiimide {(c).

o] ) femmemrnd W

s /\/N [\///51- R’
e 5

O\\X =
e

o
L

In the above formula, X.' is an alkanetetrayl group

R

T (e N (2-—1-1{2)

15 having preferably 1 to 20 carbon atoms, more preferably 1
to 10 carbon atoms, much more preferably 1 to 6 carbon atoms.
Examplesofthealkanetetraylgroupinciudeisobutanetetrayl
group, isopentanetetray&.groupeuxineopentanetetrayl group.
It is preferably a neopentanetetrayl group represented by

20 the following formula.



15 acid and dimeric acid are also included. Alicyclic dicarboxylic acids such as
1,3-cyclohexanedicarboxylic acid and 1,4-cyclohexanedicarboxylic acid are further included. Ester
forming compounds thereof are still further included. Examples of the above diol or ester forming
compound 20 thereof include aliphatic glycols having 24 20 carbon atoms such as ethylene glycol,
1,3-propanediol, propylene glycol, 1,4-butanediol, neopentyl glycol, 1,5-pentanediol, 1,6-hexanediol,
decamethylene glycol, cyclohexanedimethanol, cyclohexanediol and dimer diol. 25 Long-chain glycols
having a molecular weight of 200 to 100, Q, that is, polyethylene glycol, poly(1,3-propylene glycol),
poly(1,2-propylene glycol) and polytenzaméthylg{;e glycol are also included. Aromatic dioxy
compounds, that is, 4,4-dihydroxybipbenyt-hydreguinone, tert-butyl 30 hydroquinone, bisphenol A,
bisphenol S and bisphenol F are further inl:luded. Ester forming compounds thereof are still further
included. Examples of the above hydfestycarboxylic acid include glycolic acid, lactic acid,
hydroxypropionic acid, 27 hydroxybutyric ?cid, hydroxyvaleric acid, hydroxycaproic acid,
hydroxybenzoic acid, p-hydroxybenzoic acid, 6-hydroxy-2-naphthoic acid and ester forming
compounds thereof. Exampleseftheabeyelasteneinclugecaprolagteng g vakerglactone, propiolactone,
undecalactone eir%gl 1 5-o;<§ga£1-2-one. Aromatic polyesters obtained by polycondensing an
aromatic dicarboy e Aci Or ester forming domBEGHEP tHEFE S d-al AliBRatedBPSr edeRforming
compound thereof @< fetheymain mgredienis are eoumeratethos examples-ehihe polyesier Fxamples
of the aromaatic %rbgi%lica %d or e}sctgr formriln% cgmpoug%%%ereof include terel];T)]hthaIic acid,
naphthalene-2,G-dicarboxylic-aciFand ester foring €6 ndS tdteof: BEXAgieS P sliphatic
diol or ester 15 formiinglcampownd thereof include ethylene glycol, propylene glycol and butanediol.
Preferred examples of t r | ster include.pol ethy{ine terephthalate, polyethylene
naphthalate, polytrimethqﬁ}eérl]gggﬁe%%ﬁ%%ﬁe%&?ﬁ%%@%engearlllap ?hgéyeé,)aoapgolﬁiﬁ)ﬂé/ﬁg %an%%hthalate,
polybutylene naphthafate Laslysmylkpdi(iareghthatatpisophthatate), polytrimethylene

(terephthalate/isophthalate),
j N TN ‘
o><o
o 0
NZ==—= N
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polybutylene (terephthalate/isophthalate), polyethylene terephthalate.polyethylene glycol,
polytrimethylene 25 terephthalate-polyethylene glycol, polybutylene terephthalate-polyethylene glycol,
polybutylene naphthalate-polyethylene glycol, polyethylene
terephthalate.poly(tetramethyleneoxide)glycol, polytriméthylene terephthalate- 30
poly(tetramethyleneoxide)glycol, polybutylene terephthalate-poly(tetramethyleneoxide)glycol,
polybutylene naphthalate- pon(tetrametherneoxide)gchol pQ ethylene (terephthalate/isophthalate).
poly(tetramethyleneOX|de)gchol 16 \

poly(tetramethyleneOX|de)gchoI ol SUCEI 1),
polyethylene(terephthalate/succjpate), polyutylene (tereph alate/ad te) and polyethylene
(terephthalate/adipate). Allphzﬁ;olyesters ipclude polyrriers compnsﬁan 10 aliphatic
hydroxycarboxyllc aC|d as theyain constituemt cemp , polymers obtgined by polycondensing an
' ereof and an aliphatic polyhydric alcohol as

dtyric acid), pon(3 hydroxyhexanoic acid) ,
Pgly(L-lactic acid), poly(D-lactic acid),
ponIactic acid are particularly preferred. Polymers
ig polyhydric alcohol as the main constituent
of the polycarboxylic acid include
aliphatic dicarboxylic acids such as oxati¢-acidy succinic a€idy\adipic acid, sebacic acid, azelaic acid,
dodecanedioic acid, malonic acid, glutaric acid N ararmBric acid, alicyclic dicarboxylic acid units such

as 1, 3 -cyclohexanedicarboxylic
<polymer:

In the present invention, the polymer for which the

cyclic carbodiimide compound is used has an acid group. The

5 acidgroup is at least one selected from the group consisting
of carboxyl group, sulfonate grcup, sulfinate group,

phosphonate group and phosphinate group. The melting point

of the polymer is preferably 108°C or higher, more preferably

150°C or higher.

10 The polymer is at least one selected from the group

consisting of polyester, polyamide, polyamide-imide,

polyimide and polyester amide.

(polyester)
i5 The polyester is, for example, a polymer or copolymer
obtained by polycondensing at least one selected from a
dicarboxylic acid or ester forming compound thereof, a diol
or ester forming compound thereof, a hydroxycarboxylic acid
or ester forming compound therecf, and a lactone. It is
20 preferably a thermoplastic polyester,

The thermoplastic polyester may contain a crosslinked



29 acid and 1,4 -cyclohexanedi carboxyl ic acid, and ester forming compounds thereof. Examples of
the diol component include aliphatic glycols having 2 to 20 carbon atoms such as ethylene glycol, 1,3
-propanediol , propylene glycol, 1,4-butanediol, 5 neopentyl glycol, 1,5-pentanediol, 1,6 -hexanediol
decamethylene glycol, cyclohexanedimethanol, cycloh&%anediol and dimer diol . Long-chain glycols
having a molecular weight of 200 to 100,000, that is, polyethylene glycol, poly ( 1,3 -proylene glycol) ,
poly (1,2-propyléiie T g}%&)téﬁ%%cﬁ;‘?te‘fﬂaﬁbtﬂyﬁé)lﬁ%ol%?E%i%%tihemd%aPWe pebifredlly,
polyethylene adipate;gpplyethylere succinate, pelybutylene;adipatgepelybutylane;sugsinate and
copolymers therggﬁ%réeggt%lgged. Further, wholly aromatic polyesters include polymers 15 obtained by
polycondensing an aromatic cgr"boxylic acid or ester forming compound thereof, preferably terephthalic
acid, naphthalene-2,6 -dicarbpXyd &¢ adid drestdrdormitg compaunttheeeof ans-ar grapatic

polyhydroxy. com rmj mpaund thereof as the main ingredients. 20More
specifically, poly %%%%gﬁﬁé%%@%%%ﬁ)%yﬁ (Ca:rtl:lé1 %-%%?Bhaetnjy en%ﬁg‘irg gfﬂé]r&ﬁ-@&?é%?)hthaloyl)
is such an example:IThesé polyebidre tomtaia 1o 5G:egharmafia termindl| carbdxyl group-aagd/or a
terminal hydroxy %qyﬁﬁﬁgﬁgﬁgggi@% r)%%gv co/mponent. Since these terminal groups,

[

especially the carboxyl group reduces the stability of a po yester, it is preferably sealed with a cyclic
carbodiimide compouRaPWHeh thaserhsinabsarBoiy gredPis sealed with a 30 carbodiimide

compound, it capshe ad hesaAlgshuithouLorodeing.R 0xie e Sagyanale by using the

cyclic carbodiimide compound of the present invention. Further, as an additiona , the

increase drildecfeade of i FidtecuidrivdigAt 6P BeRBter by ¥ chain
S5-tetrabutylphosphonium isophthalic acid and 5-sodium

sulfoisophthalic acid. Aliphatic dicarbexylic acids such
as oxalic acid, succinic acid, adipic acid, sebacic acid,
azelaic acid, dodecanedioic acid, malenic acid, glutaric

15 acid and dimeric acid are also included. Alicyclic
dicarboxylic acids such as 1,3-cyclohexanedicarboxylic acid
and 1,4-cyclchexanedicarboxylic acid are further included.
Ester forming compounds thereof are still further included.

Examples of the above diol or ester forming compound

20  thereof include aliphatic glycols having 2 to 20 carbon atoms
such as ethylene glycol, 1,3-propanediol, propylene glycol,
1,4-butanediol, neopentyl glycol, 1,5-pentanediol,

1, 6-hexanediol, decamethylene glycol,
cyclohexanedimethanol, c¢yclohexanediol and dimer diol.

25 Long-chain glycols having a molecular weight of 200 to
100,000, that is, polyethylene glycol, poly(l, 3-propyiene
glycol), poly(1l,2-propylene glycol) and polytetramethylene
glycol are also included. Aromatic dioxy compounds, that
is, 4,4’ -dihydroxybiphenyl, hydroquinone, tert-butyl

30  hydroguinone, bisphenol A, bisphencl S and bisphencl F are
further included. Ester forming compounds thereof are still
further included.

Examples of the above hydroxycarboxylic acid include

glycolic acid, lactic acid, hydroxypropionic acid,



30 extension function of a terminal isocyanate group which is formed in the polyester and not liberated
when the terminal group is sealed with the cyclic carbodiimide compound and a terminal hydroxyl
group or a terminal carboxyl group 5 existent in the polyester can be suppressed more efficiently as
compared with a conventional linear carbodiimide compBdund. This is of great industrial significance.

The above polyesters c}%nlgaet rgdgceoé % kngwg methodsL é{gr example, methods described in the
saturated polyester T0 re&in handook (written by K20 s v ki, Suiich8d byMakREY K856 Shimbun
on December 222¢989). hydxexarhples of thepadlgester fuyiesinaliede-unsatdrated polyester resins
obtained by copalymerizing an unsaturated polycarboxylic acid or ester forming compound thereof and
15 polyester ela(s%:ogzé!s% co%tarubnirrl}ga %yfg%vﬁprﬁglti%& bcglyarr%éhf see%%neernt %Jéfré]e%gthg IBBOE PR esters.
Examples of the ursatpated palyombesylif adid iablude natsicanhydridestetrahydsomaleite

anhydride, maijc seican eadomethylane Jeliabuciomaleic anhydride. 20 Monomers are added to

the unsaturated polyester to control its curing properties, and the unsa Grated 16'0 yester is cured by
heat, radical, ligHt; 8r 8&R3énetgpiifie such as electron beam and molded. The control of the

carbo| group n the unsalufaled oosirds apmpgranteghnigal mayer 25 i fesped! o
vantages

. .. . L s 11 arn
rheologic characteristics such as thixotropy and resin durability. Advz at the cgrboxyl group
can be sealed afd @dAirélfed bythe dflicl Carsfiri e esmpot it apptanih g adoxio free

isocyanate and T@ﬁat%f’@i@%&\%i%wﬁthﬁru@%@@t%fﬁbﬁét@o@@ﬁo%ﬁoﬂ%@é%%d gliectively

by the cyclic carbodiimide compound are of great industrial significance. Further, in the present

invention, e poyEst8fBy HeH FOiyeSiET efistorRBHBBHEMeRh P poRmERAgiAg afsefheomponent.

The polyester elgstbyraris a blogk sepalymerr 3hempprising a high-melingpolyestersegment and a
low-melting poly a molecular weight of 400 to 6,000 as described in publicly

er segment havin ,
known documen?.lc,’,]ﬁ%l;L gﬁatﬁﬁ]@?ﬁﬁ-g 11676%8" ThE MEiRg Bkl & blyferfiposed of a
high-melting polyester kegrasat-alpae ds 150G @ehigherathe mealing:peist-or sefigniag point of a

polymer compoggd og‘) aA%vS\;/- 1) egilp Cj%o_lynher se Ewent a%)n v_vhi h com _[ises an aliphatic polyester
produced from a pgﬁafﬁylenenéycc% Of an aﬁﬁwglceﬁcgr o%ﬁcaa(jdd)ﬁi\ﬁﬁ& diol or ester

15  forming compound thereof include ethylene glycol, propylene
glycol and butanediol.

Preferred examples of the aromatic polyester include
polyethylene terephthalate, polyethylene naphthalate,
polytrimethylene terephthalate, polypropylene naphthalate,

20 polybutylene terephthalate, polybutylene naphthalate,
polyethylene (terephthalate/isophthalate),
polytrimethylene (terephthalate/isophthalate),
polybutylene (terephthalate/isophthalate), polyethylene
terephthalate polyethylene glycol, polytrimethylene

25 terephthalate'polyethylene glycol, polybutylene
terephthalate polyethylene glycol, polybutylene
naphthalate-polyethylene glycol, polyethylene
terephthalate poly(tetramethyleneoxide)glycol,
polytrimethylene terephthalate-

30 poly(tetramethyleneoxide)glycol, polybutylene
terephthalate-poly (tetramethyleneoxide)glycol,
polybutylene naphthalate-poly(tetramethyleneoxide)glycol,

polyethylene (terephthalate/isophthalate):
poly (tetramethyleneoxide)glycol,



10 2 to 12 carbon atoms and an aliphatic glycol having 2 to 10 carbon atoms is 80C or lower. Although
the elastomer has a problem with hydrolytic stability, the significance of being able to control its
carboxyl group by the cyclic carbodiimide compound and the industrial significance of 15 being able to
suppress the reduction of its molecular weight or incre&se its molecular weight without any safety
problem by the cyclic carpbodiimide compound are great. The polyester preferably contains at least one

selected from thE Yt L8RS SN OpUtERB I fap hieiié sop bifyadmtetephthalate, trimethylene
terephthalate, ethylepé raphiineens: ticageoxytiie andduitylepe naphihaleng.dicarboxylate as the

main recurring unijt. The oﬁ/ er is preferably an aliphatic polyester, particularly preferably polylactic
acid. 25 (polyamftlfee)remp“? éﬂ)@ﬁ%%&?%ﬁ%ﬁ\%ﬂdaic polymer having an amide bond obtained

mainly from an amihp doid, factamrhorldiaming drd aldicarboxyliclacid of-amide forming compound
30thereof. Iq{@q_,@)&qg@%@g@gt}% Cfalﬁg%lgggeridensate obtained by condensing a diamide and a

dicarboxylic acid or acyl active form, a polymer obtained by polycondensing an aminocarboxylic acid
or lactam, or an @il Bleid! ona (32 vepblyhe! dteréshmayrieesed asthespalyamide. The diamine is

selected from any aliphatic.diamine.and an aramatic, di iﬂr%e%ﬁaryglr?s of the aliphatic diamine include
5 tetramethylenediamine, hexamethylenediamine, undecamet yYened?amine,

dodecamethylendefarfie: el atarmathifirds@methylenediamine,
2,4,4-timethylhexamethylengdiamine, s 1yethylopnamethylgnediami comprising an

2,4-dimethyloctamethylenediamine, metaxylylenediamine, paraxylylenediamine,

1,3-bis(aminomé&thyBEdiditexardr e2amipbiEminsmemy 35, 5ttfifataioy clomexaheypent
3,8-bis(aminomeibihBicyalodasangmais & -HRGNIORPUITE NI s i ng an aliphatic

polycarboxylic acid or ester forming compound thereof and
an aliphatic polyhydric alcohol as the main ingredients, and
copelymers thereof.

15 The polymers comprising an aliphatic
hydroxycarboxylic acid as the main constituent component
incliude polycondensates such as glycolic acid, lactic acid,
hydroxypropionic acid, hydroxybutyric acid, hydroxyvaleric
acid and hydroxycaproic acid, and copolymers thereof. Out

20  of these, polyglycolic acid, polylactic acid,
poly{3-hydroxycarbonbutyric acid),
poly (4-polyhydroxybutyric acid), poly (3~hydroxyhexanocic
acid),polycaprolactoneandCOpolymersthereofarepreferred.
Poly(L-lactic acid}), poly(D-lactic acid), stereoccomplex

25 polylacticacidandxacemicpolylacticacidaregmxticularly
prefarred.

Polymers comprising an aliphatic polycarboxylic acid
and an aliphatic polyhydric alcohol as the main constituent
components are also used as the aliphatic polyester.

30 Examples of the polycarboxylic acid include aliphatic
dicarboxylicacidssuchascmalicacid,succinicacid,adipic
acid, sebacic acid, azelaic acid, dodecanedioic acid,
malonic acid, glutaric acid and dimeric acid, alicyclic

dicarboxylic acid units such as 1, 3~cyclohexanedicarboxylic



15 bis(3-methyl-4-aminocyclohexyl)methane, 2,2-bis(4-aminocyclohexyl)propane,
“bis(aminopropyl)piperazine and aminoethylpiperazine. Examples of the aromatic diamine include
p-phenylenediamine, m-phenylenediamine, 20 2,6-naphthalenediamine, 4,4'-diphenyldiamine,
3,4'-diphenyldiamine, 4,4'-diaminodiphenyl ether, 3,4'-d&aminodiphenyl ether, 4,4'-diaminodipheny! sulf
one, 3,4'-diamin glpg Ifgne, 4.4-diaminodiphen %}keto e, 3,4'-di min%gi henyl ketone and 25
2,2-bis(4-amino|§heny(le‘§r|z}};(litioga’r(zl’le.dy(’ﬂlfc)i(k;’af?fq’%{f?lIélse,3 (g% fhaé¥ |8§%%%ﬁi%%%fg’ir?& dgsa'lt sic 8&0 Bdoeric
acid, azelaic acidcselvaciciacidhdodgedanoi€agiup lerephthalicacid,ddophthalimacid, include
naphthalenedicayboxylic.acid, 2+ gggolrgtﬁgﬁpm?%c id,, 30. 2:methylterephthalic acid
5-methylisophthalic %d, 5-sgdig:m sulfoisopht aig%agcm?, gx%%%%&@ﬁph?ﬁgﬁﬁ:%%ig,ﬁhylene
hexahydroisophhafi€ @tid and tigipesiessticl , pSperilicesamiples bf the polyammdeibtide

aliphatic po_{;yanyms g@%@rgnﬂq%(@yé%gheaigglytq_triaérng@@‘?g d{!ﬁgmide (nylon 46),
e n

polyhexamethylene adipamidé (nylon 66), polyhexamethylene sebacamide (nylon 610),

polyhexamethylERE BEEEAMRIBINGIBHBIR), Foiydrdessnianyaaé hdiamide (nylon 116),
polyundecaneamsige) (ilonskb anshpalydodecaneamide (nVigh12)-1 5 i@lwggﬂog@gfﬁlyamides

such as polytrimethyl hexamethylene terephthalamide, polyhexamethylene’isophthalamide (fylon 61),

polyhexamethylBn8FeHesHth s 8ptafamite BR/16ABTIES, p&iyBis(4-ampeéyashasysrethane

dodecamide (nyc_igryBAEJ\/lJgZ)lpqub@(%}ﬂwmﬂté-@ﬂija@@mlgh@@dmh@n%ggg?q@ige (nylon
dimethyl PACM12), O!%/ etaxylylene adjpamide (nylon MXD6), polyundecamethylene 15
terephthaﬁsl?nideq%{:())% ﬂﬁ?&éﬁ%&%@ BIRSINE IS G NG dbtert phiffaldnizR (FYBRPERH)) and

copolyamides More specifically, polyethylene adipate, polyethylene
succinate, polybutylene adipate, polybutylene succinate and
copolymers thereof are included.
Further, wholly aromatic polyesters include polymers
15 obtained by polycondensing an aromatic carbeoxylic acid or
ester forming compound thereof, preferably terephthalic acid,
naphthalene-2, 6-dicarboxylic acid or ester forming compound
thereof, and an aromatic polyhydroxy compound or ester
forming compound thereof as the main ingredients.
29 More specificalily,
poly (4-oxyphenylene-2, 2-propylidene-4-oxyphenylene-
terephthaloyl-co-isophthaloyl}) is such an example.
These polyesters contain 1 to 50 eg/ton of a terminal
carboxyl group and/or a terminal hydroxyl group as a
25 vcarbodiimide reactive component. Since thege terminal
groups, especially the carboxyl group reduces the stability
of a polyester, it is preferably sealed with a cyclic
carbodiimide compound.
When the terminal carboxyl group is sealed with a
30  carbodiimide compound, it can be advantageously sealed
without producing a toxic free isocyanate by using the cycliic
carbodiimide compound of the present invention.
Further, as an additional effect, the increase or

decrease of the molecular weight of a polyester by the chain



thereof, and copolymers and mixtures thereof are also included. Poly(p-phenylene terephthalamide)
~and 20 poly(p-phenylene terephthalamide-co-isophthalamide) are further included. Examples of
the amino acid include w-aminocaproic acid, w-aminoenanthic acid, w-aminocaprylic acid,
w-aminopelargonic acid, w-aminocapric acid, 25 11-an#floundecanoic acid, 12-aminododecanoic acid
and paraaminomethylbenzoic Facid, and examples of the lactam include w-caprolactam, ‘
w-enantholactam. W-cApRyTACtart antW-18arcfadtamt Th2 mo R Wdigh & 0P e sd p 6k aifides are
not 30 particularfdimited] but therelafive viseasignmeastired 86 25€0f 881 the terminal
%concentratedsuylfuricacidsolutioncontaining 1 wt% of the polyamide, is preferably 2.0 to 4.0.
Theseamideresiﬁér%%?bépsroﬁﬁg?géyﬁeﬁﬁ(fr%og%&renecfﬁ/&isl, For g%ﬁﬁ&éﬂ‘ﬁb%a?&@&%@d%ﬁ%e
polyamide resina34-handbeok (writterdyyl Osamurr-ukonoto candipublished byNikkan-Kkagyo Shimbun
on January30, Further ide_ inclydes a polyamide known a olyamide
elastomer. ?he Jgs(%)l%?esl)’r%iedr(letile<'{atJi g?r%at rs lﬁgg(%%p%ﬁln%&? Sbt %e%%syergee%?iﬁa 5%5&%%1%/85 Jfé’rming
component haviit§ 6evamFe¢arbon atcras withtal polylalkyleaeoxide)glydali hddanthpetween the

polyamide formiag £ompONGE! 240 &efdmare.garpog alams And ng poly(alkyleneoxide)glycol
component is generally an ester 10 bond or an amide bo ut not limited to these, and a third

component such as dicarbBSxkRAGE S s rRIfagde Dsel et rmttion componestfoodsese

components. _( fexamples;of dhe pebikaluleaeawideialycaolindlide polyeibylene oxide dyegl
poly(1,2-propyleneoxide)glycol, 15 poly(1,3-propyleneoxide)glycol, poly(tetramethyle OX|dee§egcoI,
poly(hexaﬁpethy@r’%b?id%&i?@&?%lo@&lﬁlrtréﬁ@o[‘%Ycéiﬁﬂ%ﬁeyﬁf{éthw%’f@éﬁéé@n@ypﬁlfb?pgllewe oxide,

and block or randegy-eopalymenaf ethylene-eside-ang tetiafyslrofuran. The number

Examples of the polyester further include unsaturated
polyester resins obtained by copolymerizing an unsaturated
polycarboxylic acid or ester forming compound thereof and

15 polyester elastomers containing a low-melting polymer
segment besides the above polyesters.

Examples of the unsaturated polycarboxylic acid
include maleic anhydride, tetrahydromaleic anhydride,
fumaric acid and endomethylene tetrahydromaleic anhydride.

20  Monomers are added to the unsaturated polyester to control
its curing properties, and the unsaturated polyester is cured
by heat, radical, light, or active energy line such as
electron beam and molded. The control of the carboxyl group
in the unsaturated polyester ig an important technical matter

25 with respect to rheologic characteristics such as thixotropy
and resin durability. Advantages that the carboxyl group
can be gealed and controlled by the cyclic carbodiimide
compound without producing a toxic free isocyanate and that
the molecular weight of the unsaturated polyester can be

30 increased effeétively by the cyelic carbodiimide compound
are of great industrial significance.

Further, in the present invention, the polyester may
be a polyester elastomer cbtained by copolymerizing a soft

component. The polyester elastomer is a block copolymer



20 average molecular weight of the poly(alkyleneoxide)glycol is preferably 200 to 6,000, more
preferably 300 to 4,000 from the viewpoints of polymerizability and stiffness. The polyamide
elastomer used in the present invention is preferably afolyamide elastomer obtained by polymerizing
25 caprolactam, polyethylene glycol and terephthalic a . Although the polyamide contains 30 to

100 eg/ton of a cashpe Sroup and AGHOAON.eGlIo0f ALARIND Qoyp s eay upderstood from ts

raw materials, it is known that the carboxyl group'has an unfavorable effect on the stability 30 of the
polyamide. TAE ShfhificHRg 6Ty B6M ot WheaE Eathaxyidroap bontestigedagetitd not

more than 20 eq/tong preferably arlunere-than;10 eq/ton, moreniaiarably Aok mpre than that without a

safety problem and whose molecular weight reduction 35 is suppressed more effectively by the cyclic
carbodiimide cofTFRItRAF the preskht fveifion i Gredtepbl/ashiae Lividel) 5THeOgoEMide-imide
used in thezpresesirifivestion has amaindecwiing sBicheral unit seprgsanted by the follayiag formula
(1) . - HCIiji Ngr%%_lgquléz%/.ll OThe melting point or softening point of a polymer
composed of a low-melting polymer segment alone which
comprises an aliphatic polyester produced from a
polyalkylene glycol or an aliphatic dicarboxylic acid having
10 2 to 12 carbon atoms and an aliphatic glycol having 2 to 10
carbon atoms is 80°C or lower. Although the elastomer has
a problem with hydrolytic stability, the significance of
being able to control its carboxyl group by the cyclic
carbodiimide compound and the industrial significance of
15 Dbeing able to suppress the reduction of its molecular weight
or increase its molecular weight without any safety problem
by the cyclic carbodiimide compound are great.

The polyester preferably contains at least one
selected from the group consisting of butylene terephthalate,

20 ethylene terephthalate, trimethylene terephthalate,
ethylene naphthalene dicarboxylate and butylene naphthalene
dicarboxylate as the main recurring unit. The polymer is
preferably an aliphatic polyester, particularly preferably
polylactic aci

25
(polyamide)

The polyamide is a thermoplastic polymer having an
amide bond obtained mainly from an aminc acid, lactam or
diamine and a dicarboxylic acid or amide forming compound

30 thereof.

In the present invention, a polycondensate obtained
by condensing a diamide and a dicarboxylic acid or acyl active
form, a polymer obtained by polycondensing an

aminocarboxylic acid or lactam, or an amino acid, or a



(D (In the above formula, R2 is a tervalent organic group, 10 R3 is a divalent organic group, and nis a
positive integer.) Typical methods of synthesizing this polyamide-imide include (1) one in which a
diisocyanate and a tribasic acid anhydride are reacted with each other, (2) one in which a diamine and
a tribasic acid anhydride are reacted with each 15 othe#zand (3) one in which a diamine and a tribasic
acid anhydride chloride are reacted with each other. The method of synthesizing the polyamide-imide
used in the presenti ior(1j§ n ?orlflerhr?ortﬁf?n%téng Yo'thels ySi%rgfe%gn?p%J@ﬁ%@ Bd in%ﬁg sbgyaine
synthesizing meiodscare distadl Hetow. 20Pefeméd examgplestofiike diisocyranateinghide
4,4-diphenylmetggg%gﬂ%qcyanate, xylylene diisocyanate, 3,3'-diphenylmethane diisocyanate,
4.,4'-diphenyl ether diisocyanate, 3,3-diphenyl ether diisocyanate and paraphenylene diisocyanate.
25Preferred examples of#rgiaminevihclite 44%dhatinodighenylsulfoneslude

3.3-diaminedivhenylsuifane. 42 daminadiahenl ether 4.3 rdigminagipheny! etner, -
4,4-diaminodiphenyl methane, 3,3-diaminodiphenyl methane, xylylenediamine and phenylenediamine.
36 Out of tHéBES£ ANgipREAFRRA A BisocyafaeaB3ttiphengitiathane diisocyanate,

4,4diphenyl ether diisaoyanate. 13,3 reipheny eiherdisecyanate, 4.4*-diaminodipheny ether,

3,3'-diaminodiphenyl ether, 5 4,4'-diaminodiphenyl methane and'3,3’-diaminodiphenyl methane are
more preferred.? - ﬂ"rw’ett%‘%i*&l'é}é?d“ﬁﬁﬂ%’;?tﬁ'ﬁ‘éﬂi%‘P@I‘éi@dﬂ}ﬂﬁnellitic anhydride, and the tribasic acid
anhydride chloriderig: preferabhystrgtaiiticeanhydside chloride. 10To synthesize the polyamide-imide, a
dicarboxylic acid or a tetracarbaoxylic dianhydride can be reacted simultaneously as long as the

characteriStc propéries Bt the poyariihiteeshré Mot imisdired Ex=pm584 ardacdicarboxylic
acid include terephtbaliclacidisophibalite, 1,3-bis (aminomethyl)cyclohexane,

l-amino-3-aminomethyl-3,5,5~trimethyleyclohexane,
3,8-bis{aminomethyl)tricyclodecane,
bis (4-aminocyclohexyl)methane,

15 Dbis(3-methyl-4-aminocyclohexyl)methane,
2,2-bis(4-aminocyclohexyl) propane,
bis (aminopropyl)piperazine and aminoethylpiperazine.

Examples of the aromatic diamine include

p-phenylenediamine, m-phenylenediamine,

20 2,6-naphthalenediamine, 4,4’ -diphenyldiamine,
3,4’ -diphenyidiamine, 4,4’ -diaminodiphenyl ether,
3,4’ -diaminodiphenyl ether, 4,4’ -diaminodiphenyl sulfone,
3,4’ -diaminodiphenyl sulfone, 4,4’ -diaminodiphenyl ketone,
3,4’ -diaminodiphenyl ketone and

25 2,2-bis(4-aminophenyl)propane.

Examples of the dicarboxylic acid include adipic acid,
suberic acid, azelaic acid, sebacic acid, dodecanoic acid,
terephthalic acid, isophthalic acid,
naphthalenedicarboxylic acid, 2-chloroterephthalic acid,

30 2-methylterephthalic acid, 5-methylisophthalic acid,
5-sodium sulfoisophthalic acid, hexahydroterephthalic acid,
hexahydroisophthalic acid and diglycolic acid.

Specific examples of the polyamide include aliphatic

polyamides such as polycapramide (nylon 6),



15 acid and adipic acid. Examples of the tetracarboxylic dianhydride include pyromellitic dianhydride,
benzophenone tetracarboxylic dianhydride and biphenyl tetracarboxylic dianhydride. They are
preferably used in an amount of not more than SO % by equivalent based on the total of all the 20 acid
components. Since the durability of the polyamide-tide may be reduced by the concentration of

the carboxyl gro £9p ined in.the polymer. the concentration of the carboxyl group is preferably
reduced to 1 to %gj eglt})e?lY£ cr)eragle St %ﬁrl%n%%%ggr?rl] %ﬁe ?&;Lcoélafﬁ%{jiinﬁaé% Gt i Bresent
invention, the coadépaaticteof(the carb &6/ grouplvére Beadvantagaeusiy seducettio thawhewe range.
(polyimide) 30The, palyimide is,not particularly limi d conventionall own polyimides maybe
used. Out of these, 2 fhretngmo%élzlastic polyirlgﬁl%e%l% p%e%%?%{f e Eéctelal}./[;&(r)]r}e/xbéarllm2 le of the polyimide is
the following polyipdide eBffHBERig Y drimsina Cormohént dnd aastradarboxylic acid. 37 H2N-R4-NH2

[in the above form?ﬁﬁ@&_anééamlqmgn 141) %@i%k@ii?éﬂcxgéogaé M greup havig 2 to 12
carbon 5 atoms, iif) an alicyclic group having 4 to 30 carbon atoms, (iv) an aromatic Eroup having
6 to 30 carbon aldms, (v)-Ph-0-R5-0-Ph- (R5 is a phenylene group or Ph-WI-Ph-, is a single bond,

alkylene group having 149 #gaskan-atorasmi which, maybessubstitted by a,halogen atom, -0-Ph-0,
-0-, -CO-, -S-, -SO- or -S02-), Or (Vi) -R6- (SIR720)m-SiR72-R6- (R6 is ~(CH2)st, -%014.(2%),-%-,
-(CH2),-0-Ph- oﬁ’ﬁﬁﬁ‘ﬁ?rshé(riﬁf?@gé?%qﬂ% 150! 3nd 4R integer BEXEa Land R7ds an alkyl group

having1t0 6 isophthalamide (nylon &I}, polyvhexamethylene

10  terephthal/isophthalamide (nylon 6T/6I),
polybis (4-aminocyclohexyl)methane dodecamide (nylon
PACM12}, polybis{3-methyl-4-aminocyclohexyl)methane
dodecamide (nylon dimethyl PACM12), polymetaxylylene
adipamide (nylon MXD&), polyundecamethylene

15  terephthalamide (nylon 11T), polyundecamethylene
hexahydroterephthalamide (nylon 11T(H)) and copolyamides
thereof, and copolymers and mixtures thereof are also
included.

Poly(p-phenylene terephthalamide) and

20  poly(p-phenylene terephthalamide-co-isophthalamide) are
further included.

Examples of the amino acid include<ﬂ~aminocaproic acid,
w~aminoenanthic acid, w-aminocaprylic acid,
w-aminopelargonic acid, ®-aminocapric acid,

25 ll-aminoundecancic acid, 12-aminododecanoic acid and
paraaminomethylbenzoic acid, and examples of the lactam
include o-caprolactam, w-enantholactam, o-capryliactam and
w-laurolactam.

The molecular weights of these polvamides are not

30 particularly limited but the relative viscosity measured at
25°C of a 98 % concentrated sulfuric acid eolution containing
1 wt% of the polyamide is preferably 2.0 to 4.0.

These amide resins may be produced by well known methods,

for example, methods described in the polyamide resin



15 carbon atoms, phenyl group or alkylphenyl group having 1 to 6 carbon atoms).] 00 [In the above
formula, Y is a tetravalent aliphatic group 20 having 2 to 12 carbon atoms, a tetravalent alicyclic group
having 4 to 8 carbon atoms, a tetravalent aromatic group of a mono- or poly-condensed ring having 6
to 14 carbon atoms, or >1)11-W2-Ph< (W2 is a single B&nd, an alkylene group having 1 to 4 carbon

atoms which may_hessubstityted.hy.. t -0-Ph-0-, -0, -CO:-, -SO- or -S02-)-1
Examples of the tetracarboxLS/Iic 3nh%£%§9u%%§$g t?ltggl %%nﬁ%ﬁo%%? tﬁlel%o%yg\fsrnn?&ig %ﬁ(’:lﬁ& B5fomelitic
anhydride (PMD¥)S% @ -6kydishtnalicadbydritey( GDRA), DRshenyl-3,3',4,4-tetracarboxylic anhydride

(BPDA), 38 benzophenene-3,3 4,4'tgtrasarhoxylic:anhydride (BTDA), ethylene tetracarboxylic
anhydride, butane tetracarboxylic hnhydﬁlge,%?/clopentane tetn%%%r%o%ﬁ%%r%?%ﬁd%?own 25

benzophenone-£, 223 3vifrag grisvk e aftsydrid & bfpisny T 221293: 3 itetracarokylicanidride,
anhydrous Q,Z-Qﬂﬁeﬂrg}iﬁé&b@ﬁﬁﬁlﬁﬂé{&%g’%gc%ﬁmgj@éﬂ%ﬁ%ﬁﬁ@éﬂ%@%y@é‘%&%@ ane,
) nny

anhydrous bis(3,4-dicarboxyphenyl)ether, anhydrous bis(3,4-dicarboxyphenyl)stlfone; a rous 10

1,1-bis(2,3-dicafbb%yperfylfethdier Gnfigdrfenk B ditaiHoxgphenyl)methane, anhydrous
bis(3,4-dicarboxyphendimethane ok 4ae0-ghemdenedioxy) diphibalic apbydidee no1yamide
4,4-(m-phenylenedioxy)diphthalic anhydride, 15 naphthalene-2,3,6,7-tetracarboxylic anhydride,
naphthalene-1,4f,§§fkg %c&r%BWﬁte&r‘thﬁﬁh%{lﬂa htRAISRBYE 2 BP6RFacarbBXy lig hhyaRde,

benzene-1,2,3,4tetracanboxylie ankydide; peadene-crbSdonetragathoxylic ankhydrde, 20. -
anthracene-2,3,6,7-tetracarboxylic anhydride and phenanthrene-1,2,7,8-tetracarboxylic anhydride. The
present irr%/%ntio%qgcrfo?ﬁma}féqa %&Jtﬂagsg}.loﬁﬁge%é‘laiég%o%lfeh%%?ldhaegqﬁ%?be%daa%]ﬁéﬁ in
combination of wwnprrmere: Guicof thesd ipyrometifitianhydiide (P MDA} 254 Aoxydiphthalic

anhydride (ODPA), biphenyl-3,3'.4,4'-tetracarhoxylic aphydride (BPDA
rga}étlg %Ior %%1

benzophenone- ,3',4,4'-tetracargofy?i%pa%rﬁ?/arlde and bip Se%y?suﬂgﬁg%%,szl‘,4'-tetracarboxylic

anhydride (DSDA) are prafergbly zised. 30ia the pyeseritinvention,iekampiles of thendiamiae used in
e procucton g3 DONYRGR e lamincdy| et SADIARI DSt ane
15  poliy(1l,3-propyleneoxide)glycol,
poly{tetramethyleneoxide)glycol,
poly (hexamethyleneoxide)glycol, block or random copolymer
of ethylene oxide and propylene oxide, and block or random
copolymer of ethylene oxide and tetrahydrofuran. The number
20 average molecular weight of the poly(alkyleneoxide)glycol
is preferably 200 to 6,000, more preferably 300 to 4,000 from
the viewpoints of polymerizability and stiffness.
The polyamide elastomer used in the present invention
is preferably a polyamide elastomer obtained by polymerizing
25 caprolactam, polyethylene glycol and terephthalic acid.
Although the polyamide contains 30 to 100 eq/ton of
a carboxyl group and 30 to 100 eg/ton of an amino group as
easily understood from its raw materials, it is known that
thecarboxylgrouphaseﬂzunfavorabl@@ffect<x1th@stability
30 of the polyamide.
Thesignificancecﬁfacomposithm1whosecarboxylgroup
content is reduced to not more than 20 eg/ton, preferably
not more than 10 eq/ton, more preferably not more than that

without a safety problem and whose molecular weight reduction



thioether, 4,4'-di(meta-aminophenoxy)diphenylsulfone, 39
4.,4'-di(para-aminophenoxy)diphenylsulfone, o-phenylenediamine, m-phenylenediamine,
p-phenylenediamine, benzidine, 2,2'-diaminobenzophenone, 4,4'-diaminobenzophenone, 5
4.4'-diaminodipheny1-2,2'-propane, 1,5-diaminonaphth&fene, 1,8-diaminonaphthalene,

trimethylenediamige ethylenediamine, hexamethylenediamine, . L
4,4-dimethylheé?a%n&%ﬁ%gg%n%ng? f,.etl?(?oédqee(é(gt %?n}il e, &(p%gg-a%ﬁ%ﬁﬁeﬁmﬁ%{ﬁﬁgi%ne, 10
1,4-di(3-aminopropyliamihosifarid)be pzares 114 -disvsinodysiohexagesartho-tolyldiamine,
meta-tolyldiamine, acetoguanamine, benzoguanamine, 1,3-bis(3-aminophenoxy)benzene (APB),
bis[4-(3-aminophenoxy)phenyllmethane, 15 1,1-bis[4-(3-aminophenoxy)phenyl]ethane,
1,2-bis[4-(3-amin&shermxy fphehyiéhane, 2,2-bis[4-(3-aminophenoxy)phenyllethane,

2,2-bis[4-(3saminophen &, R:25Ris[4-(3-ami ne. 1.
202,2-bis[4-(3-aminoph?r%%y??ggrﬁ%%%ﬁé%-ﬁ]%égf%%r%g%%}%gmqmgﬁ%m has

4,4'-di(3-aminophdoXy) bRy i £ B amintphe ey phenyicaoned by the following
di[4-(3-aminophgrexyiphenyt]sulfide, di[4-(3-aminophenoxy)phenyl]sulfoxide, 25
di[4-(3-aminophenoxy)phenyl]sulfone and di(4-(3-(531mionohpenoxy)phenyl)ether. Thepresentinvention
is not limited to these. The above diamines maybe used alope or in combination. Examples of the
thermoplastic polyimide include 30 polyinyddes co@mrising a tetracarboxylic anhydride and a known

diamine such as p-phenylenedia insﬂclgﬁega/né\diaming r hydrogenated bisphenol A typediamine

and represented by the following formulas, anﬁ\lglt/erﬁimo_ , Ultem1010, UltemC1235001 and
UltemXH6050 commercially 40 available from Gﬁneral Elegtgic Co., Ltd. and Auram 250AM from
Mitsui Chemical Co., Ltd. 5 i

(I}
{In the above formula, R is a tervalent organic group,

10 R’ is a divalent organic group, and n is a positive integer.)
Typical methods of synthesizing this polyamide-imide

include (1) one in which a diisocyanate and a tribasic acid
anhydride are reacted with each other, (2) one in which a
diamine and a tribasic acid anhydride are reacted with each

15 other, and (3) one in which a diamine and a tribasic acid
anhydride chloride are reacted with each other. The method
of synthesizing the polyamide-imide used in the present
invention is not limited to these. Typical compounds used
in the above synthesizing methods are listed below.

20 Preferred examples of the diisocyanate include
4,4’ -diphenylmethane diisocyanate, xylylene diisocyanate,
3,3 -diphenylmethane diisocyanate, 4,4’ -diphenyl ether
diisocyanate, 3,3’ -diphenyl ether diisccyanate and
paraphenylene diisocyanate.

25 Preferred examples of the diamine include
4,4’ -diaminodiphenylsulfone, 3,3’ -diaminodiphenylsulfone,
4,4’ -diaminodiphenyl ether, 3,3’-diaminodiphenyl ether,
4,4’ -diaminodiphenyl methane, 3,3’ -diaminodiphenyl methane,

xylylenediamine and phenylenediamine.



[In the above formulas, R8 and R9 are each independently a hydrogen atom, a linear or branched alkyl
group having 1 to 10 10 carbon atoms, or an aryl group, Rl is an arylene group having 6 to 30 carbon
atoms or an alkylene group having 2 to 20 carbon atoms, m and n are each an integer of 0 to 5, and k
is an integer of 1 to 3.] 15(polyester amide) Examplé&s of the polyester amide include

conventionally known p terami obtgined by copolymerizing a polyester component and a
polyamide component. %ﬁfﬁﬁ?ﬁ%ﬁ a t%égmoééﬁﬁ:egﬁ}gﬁé?%r%%e%lpgﬁé)fce%ab 2 'SBlected.

The polyester amide’ cahllpéepnthesizéa by kbhbwvpanetioes eForexdmplépthergboverpalyamide
component s irs;sublecied 0. polycondansatian reaction. 50 45 0 supihiesize a 5 polyamide having
a terminal functional grotup and then the polyester component is polymerized in the presence of the
polyamide. This hofycordansatiniebeton issjdrerallyiredlizet: by cargingioenah amidation reaction

as a frst stage apdyan esierfealineasion s & segond.siage 10 The,hoys Rolyesigr componens

are preferably selected as the polyester component. The above polyamide components are preferably
selected as the PEiyafite EdRpBReft. Preh@yi@dwn additives and fillers can be added to these

polymers on which the oyglic earhadiimidgds gapsed & aell5 a5 longasel effechs arg notlost when
they react with the carbodiimide. The additives include an antioxidant, heat stabilizer, lubricant,

nucleating agent OpYicardaniliZ& ahtistafic 258t an FEdiIGring-hatgdaeTré fimsiidRclige glass
flakes, glass fibgrse@rgagici fibers. 2@ taic ane inotggaic fillerse xmethed of using a carbodiimide
compounds, | The seqiing.of 2 aciq 9rep conteined 112 polymer can be canied qut by ming
together the cyclic carbodfi poLy ! 4 acid
or a tetracarboxylic dianhydride can be reacted
simultaneously as long as the characteristic properties of
the polyamide-imide resin are not impaired. Examples of the
dicarboxylic acid include terephthalic acid, isophthalic
15 acid and adipic acid. Examples of the tetracarboxylic
dianhydride include pyromellitic dianhydride, benzophenone
tetracarboxylic dianhydride and biphenyl tetracarboxylic
dianhydride. They are preferably used in an amount of not
more than 50 % by eguivalent baged on the total of all the
20 acid components.

Since the durability of the polyamide-imide may be
reduced by the concentration of the carboxyl group contained
in the polymer, the concentration of the carboxyl group is
preferably reduced to 1 to 10 eg/ton or below this range.

25 Inthe cyclic carbodiimide compound of the present invention,
the concentration of the carboxyl group can be advantageously

reduced to the above range.

(polyimide)

30 The polyimide is not particularly limited, and
conventiocnally known polyimides may be used. oOut of these,
a thermoplastic polyimide is preferably selected. An
example of the polyimide is the following polyimide

comprising a diamine component and & tetracarboxylic acid.



25 compound and the polymer to react the cyclic carbodiimide compound with the acid group. The
cyclic carbodiimide compound can be added to the polymer as a solution, a melt or a master batch of
a polymer for which it is used. Or, a solid polymer is brought into contact with a liquid 30 containing the
cyclic carbodiimide compound dissolved therein, dispefséd therein or molten therein to be
impregnated with the cygiz%girb_%gpide compound. In the case of the method in which the cyclic
carbodiimide compound IS added as a solution, a melt or a 42 master batch of a polymer, a
conventionally kiéwn Kpeagboseistatn bl thB cytHc carbodiimide compound. For kneading, the
cyclic carbodiimige;compaundhis prefgsably kneaded in a solution state or a molten state from the
viewpoint of uniform kneading. The kneader is not particularly limited, and conventionally known
vertical reactors, fixing tariks - Rieddifg Baifkecsiasinge-sersivbr inalt-sereiv heriZohtakkrisagers may
be used. Far exampigs a single-screw or multi-screw extruder or kneader is used. 10 The time during
which the cyclic carbodiimide compound is mixed with the polymer differs according to the mixer and
the mixing températare Bt preferably B FHifte (52 Hotfs, 4mbre Bréférablyam2as 80sminutes, much

more preferably 0i2jo 30 nindies: 12Ag theisolMartingy beused@ salveptwhichiisinert to the
polymer and the cyclic carbodiimide compgund. A solvent which has affinity for both of them and
dissolves at least Part 6t 4ch of theh is Prefefted. PHESIVEREISLstEeatrdth Fhydiecarbbn-based
solvent, a ketonehasetl 2@ selvent,dn astey-hased sebieptan etheridbased selyenta halggen-based
solvent anldoan %ﬁrﬂi{jgﬁbased olventb E gx%mgl%of thc,regzj1 drocarbon-based solvent include hexane,
cyclohexane, benzene, toidene, xylene, heptane and decihb EREnplsd of the Ketbife-basd solvent
include 25 acetorid) methyl-ethyld@tonre; dicthyl ketoae, cyclohexanone and isophorone. Examples of
the ester-based golvent incl thyl acetate, methy| acetate, ethyl succinate, methyl carbonate, ethyl
benzoate and dig}%y)leneﬁ;cly%c%ef§§@f&f§ xéfrnﬂplés L the %thﬁ%&?jéd solvert' ﬁfdﬁ%]élaiethyl ether,
30 dibutyl ether, t€ahyerofurdn, dioxdie; disthylenamlyicot dirrethyether drigthylene glycakdiethyl

emerandd“wBEWHgB%E of 1 to 4, and R’ is an alkyl group having 1 to &
15 carbon atoms, phenyl group or alkylphenyl group having 1 to

& carbon atomsg) . ]

I
PPN
O\C/Y\C/O
[

{In the above formula, Y is a tetravalent aliphatic group
20  having 2 to 12 carbon atoms, a tetravalent alicyclic group

having 4 to 8 carbon atoms, a tetrxavalent aromatic group of

a mone- or pely-condensed ring having 6 to 14 carbon atoms,

or >Ph-W-Ph< (W’ is a single bond, an alkylene group having

1 to 4 carbon atoms which may be substituted by a halogen
25 atom, -0~Ph-0-, -0-, -C0O-, -80- or -80,-).}

Examples of the tetracarboxylic anhydride used in the
production of the polyimide include pyromellitic anhydride
(PMDA) , 4,4’ -oxydiphthalic anhydride (ODPA),
biphenyl-3,37,4,4’ -tetracarboxylic anhydride (BPDA},



Examples of the halogen-based solvent include dichloromethane, chloroform, tetrachloromethane, 43
dichloroethane, 1,1',2,2' -tetrachloroethane, chlorobenzene and dichlorobenzene. Examples of the
amide-based solvent include formamide, N, N-dimethylformamide , N, N-dimethylacetamide and 5
N-methyl-2-pyrrolidone . These solvents may be used afbne or as a mixture. In the present

invention, the s Is. used in an aqount of 1 to 1,000 parts by weight based qn 100 parts by weight
of the total of th%\%% y%tgea%%ﬁe%ygid (J:?ér odﬁr%% e 1 :E%Dr%}ﬁ and’ \ﬁ?ﬂgﬁﬁé‘g%ogﬁfg%e solvent
is smaller than Epait byveeight; thereriberoypoiat mrisidg thiesolvent Wdthorightbernenis-aplupper limit

to the amount ogm% splvent, it is abo QQQ par ight from the vie ints,of manipulation ease
and reaction efficiericy. 15In the casé%%}}le methéc%gi%é\{\/%%%ﬁ}gnsl&% Sé};ﬁlﬁgﬁg %t‘ought into contact
with a liquid cont&iRfgRheREIR-CarBodiimitie-dorpasdadissuNed thersinddispersed therein or
molten thergin tg bempragnated with-the cyelic.carbadiimide compx e salj mer is brought
into 20 contact Wiﬁhe carbodiimide dissolved in the ab%?/le solvent, or the sbli%rp%%%h)ée?lfss brought

into contact withiPar efitisicn &f the carbeeifRideNYd PirgRAa Soli¢pblyaristo contact with the
cyclic carbodiimide:cermpqund; the @g%&g{ﬁﬂgﬁ@g%@ﬁgﬁé:ycl%wggg@ide compound, or

coated or 25 sprayed with the cyclic carbodiimide compound. A sealing reaction by the cyclic

carbodiimide cofigolmd*THHE PrEXRRYRIVERYAN B5R BE catfidy 8PS oom temperature (25C) to

300C. Howeverpthe (reaetion emperatusa ds preferabbcs@ to 280GaPele preferably 100 30 to 280C
from the viewpoint of reacéion effic,ien(:%. Although the reaction proceeds more at a temperature at

which the Solymeris Richen: the ks KYBRfSrELN Tt ou PR RSPkt ature lower than 300C to
suppress the sublimétion -adtldeconpgsitionafthe exalic=carbadiimigde gompound. To 44

bis (3, 4-dicarboxyphenyl)methane,
4,4" - {(p-phenylenedioxy)diphthalic anhydride,
4,4’ - (m-phenylenedioxy)diphthalic anhydride,

15 naphthalene-2,3,6,7-tetracarboxylic anhydride,
naphthalene-1,4,5,8-tetracarboxylic anhydride,
naphthalene-1,2,5,6-tetracarboxylic anhydride,
benzene-~1,2,3,4-tetracarboxylic anhydride,
perylene-3,4,9,10-tetracarboxylic anhydride,

20 anthracene-2,3,6, 7-tetracarboxylic anhydride and
phenanthrene-1,2,7,8-tetracarboxylic anhydride. The
present invention is not limited to these. These
dicarboxylic anhydrides may be used alone or in combination
of two or more. Out of these, pyromellitic anhydride (PMDA),

25 4,4" ~oxydiphthalic anhydride (QDPA},
biphenyl-3,3",4,4’ -tetracarboxylic anhydride (BPDA),
benzophenone-3,3’,4,4’ ~tetracarboxylic anhydride and
biphenylsulfone-3,3’,4,4’ ~tetracarboxylic anhydride
(DSDA) are preferably used.

30 In the present invention, examples of the diamine used
in the production of the polyimide include
4,4’ -diaminodiphenyl ether, 4,4’ -diaminodiphenylimethane,
4,4’ -diaminodiphenyisulfone, 4,4’-diaminodiphenyl

thicether, 4,4'-di(meta-aminophenoxy)diphenylsulfone,



reduce the melting temperature and increase the agitation efficiency of the polymer, use of the solvent
is effective. Although the reaction proceeds fully swiftly without a catalyst, a catalyst for promoting
the reaction may be used. 5 As the catalyst may be used a catalyst which is used for a conventional

linear carbodiimide compound (Patent Document 2: JP3-&2005-2174). Examples of the catalyst include

alkali metal Com@%ndﬁia!@E%@r%%@ﬁmﬁg%ﬁé' ry Sﬁ%irfe compounds, imidazole
i oun

compounds, quaternary ammonium 10 salts, phosSphine co s,oyg]hdsphonium salts, phosphoric
acid esters, org&iP ABRIE RTAREVAS Herl. Thehraybewedd alotresor in combination of two or more.

The amount of the atalyst whieh is,natdarticularyjimited is prefesably 0,00 1t by weight, more
preferably 0.01 to 0.1 part 15 by weight, much more preferably 0.02 to 6.1 p;e}%ogéﬁ%?&%%%’sed on

100 parts by wefytit of tHer Bl P EFFBYR=EPARd the cyclic carbodiimide compound.  As for the
amount of the cygc,lia;rm&@@ﬁiﬁ@gg@m@yndﬂh@%&{éﬁe fggbqpiiigﬂ{qtg(gﬁ%%@htgﬁ é:ggllic 20

carbodiimide compound is selected from a range from 0.5 to 100 equivalents based on 1 equivalent of

the acid group. Whenth@ ORI BRHPIA BB diirhia bty ieR%e #75%0.5 equivalent, there maybe
no point in using thereatbediimide-When:the comnteniie bigher than: 1o0; gguivalents, the 25

characteristic prgpg[tgs of%mﬂ_??x ma%\ch nge. From this viewpoint of view, the content of the
carbodiimide gréup is praferably &6 6 %%%‘6' < EMoRCpreferab 4985 16 Sy RRAents, much

more preferablydd. 7ite. 88 -equivatgitis eatriicdlaty prefeeablu.d to 20 equivalents based on the 30

above stan ard1<Brngy?glqré process of ¢ %i{:ac”?{%odiini;de Cf%%)ound> As the process for
producing the cyclic carbodiimide c%mp%YJ{n ,a pro@essls %P’S 0 Ei?]%n{ﬁe compound from an amine
45 compound tHrodgkl aanisooyanatecttmpownd, @ioce sofoy piddicing the compound from an amine

compound throygh an jsothioayanat omggggg rocess for producing the compound from an
amine compound through ?tr%heny?ﬁ%bsphine c%%ﬁ%&r%l, g’pr%ggs%o%g%?g ing the compound
from an amine dordpé&urid threughnapieswespenad e protss for producing the compound from an

amine compoungh thrgughs a fhieureaeamepornd, a RrPesss - for producing the compound from a

carboxylate compound through an isocyanate compound and a 10 process for producing the

compoundby dériving eSlattahs compBakt ARsbe Bhmlavele thrataction of monbceyclic carbodiimide
compound (f)) 1,2-bis[4- (3-aminophenoxy) phenyllethane,
2,2-bis[4~ (3-aminophenoxy) phenyl]ethane,
2,2-bis{4- (3-aminophenoxy) phenyl]propane,
2,2-bisl4-(3-aminophenoxy)phenyl]butane,
20 2,2-bisf4-{3-aminophenoxy)phenyi]-1,1,1,3,3,23~
hexafluoropropane, 4,4’ -di (3-aminophenoxy)biphenyl,
dil4- (3-aminophenoxy)phenyl] ketone,

dil4-{3-aminophenoxy}phenyli]sulfide,

{

dil4- {3-aminophenoxy)phenyl]sulfoxide,

25 di[4- (3-aminophenoxy)phenyl]sulfone and
di(4-(3-amionohpenoxy)phenyl)ether. The present invention
isnot limited to these. The above diamines may be used alone
or in combination.

Examples of the thermoplastic polyimide include

30 polyimides comprising a tetracarboxylic anhydride and a
known diamine such as p-phenylenediamine,
cyclohexanediamine or hydrogenated bisphenol A type diamine

and represented by the following formulas, and Ulteml0C,
Ulteml010, UltemCRS5001 and UltemXHG6050 commercially



The monocyclic carbodiimide compound (f) represented 15 by the following formula (2-1-1) can be
produced through the following steps (1) to (4). Xal1-0 \\\ (2-1-1) (In the above formula, Aral and Ara2
are each independently an arylene group having 5 to 15 carbon atoms 20 which may be substituted,
and X," is an alkylene group having 1 to 20 carbon ator$.) The step (1) is to obtain a nitro
compound (c). The steip ha ste%le%g and ste (Ib%. The step (2) is to obtain an amide compound
(d) from the nitrdCOMPEUNA (C) 7 28! TRE SIS (3) antthe St P4) art 16 obBAif tR& FIR 0RO
carbodiimide comipound{f} frotn thiesamiclelcomapourd:(dl). The step (3) to (4) has the embodiment of

step (3a) through step (4a), and step (3b) through step (4b). Stated more specifically, the
carbodiimide compound 30(f) can be produced through the following schemes. (scheme 1) step (la) -
step (2a) - step (3a) - step (4a) o
( ®)m 0
@ o
: !
9]
0
Y (®),

OO
O

( RS )m
|
] \o’((Rw ko/c T s}
\/
9] ( ® ) n

( R ) m
8]
Q

ke (Rg)ﬁ

[In the above formulas, R® and R® are each independently a
hydrogen atom, a linear or branched alkyl group having 1 to
10 10 carbon atoms, or an aryl group, R'™ is an arylene group
having 6 to 30 carbon atoms or an alkylene group having 2
to 20 carbon atoms, m and n are each an integer of 0 to 5,

and k is an integer of 1 to 3.)

i5 (polyester amide)
Examplescﬁfthepoly@steramideimcludeconventionally
known polyester amides obtained by copolymerizing a

polyester component and a polyamide component. Out of thege,



46

(scheme 2) step (la) - step (2a) - step (3b) - step (4b) (scheme 3) step

10

15

20

25

30

41

a thermoplastic polyester amide is preferably selected.
The polyester amide can be synthesized by known methods .
For example, the above polyamide component is first subjected
to a polycondensation reaction g0 as te synthesize a
pelyamide having a terminal functional group and then the
polyester component is polymerized in the presence of the
polyamide. This polycondensation reaction is generally
realized by carrying out an amidation reaction as a first
stage and an esterification reaction as a second stage.

The above polyester components are preferably selected
as the polyester component. The above polyamide components
are preferably selected as the polyamide component.

Any known additives and fillers can be added tc these
polymers on which the cyclic carbodiimide is caused to act
as long ag their effects are not lost when they react with
the carbodiimide. The additives include an antioxidant,
heat stabilizer, lubricant, nucleating agent, optical
stabilizer, antistatic agent and coloring material. The
fillers include glass flakesg, glass fibers, organic fibers,

talc and inorganic fillers.

<method of using a carbodiimide compounds

The sealing of an acid group contained in a polymer
can be ¢arried out by mixing together the cyclic carbodiimide
compound and the polymer to react the cyclic carboediimide
compound with the acid group. The cyclic carbodiimide
compound can be added to the polymer as a solution, a melt
or a master batch of a polymer for which it is used. Or,
a solid polymer is brought into contact with a liquid
containing the cyclic carbodiimide compound dissolved
therein, dispersed therein or molten therein to be
impregnated with the cyclic carbodiimide compound.

In the case of the method in which the cyeclic

carbodiimide compound ig added as a solution, a melt or a



(Ib) - step (2a) - step (3b) - step (4b) (scheme 4) step (Ib) - step (2a) - step (3a) - step (4a)

10

i5

20

25

30

42

master batch of a polymer, a conventionally known kneader
is used to add the cyclic carbodiimide compound. For
kneading, the cyclic carbodiimide compound is preferably
kneaded in a sclution state or a molten state from the
viewpoint of uniform kneading. The kneader is not
particularly limited, and conventionally known vertiecal
reactors, mixing tanks, kneading tanks or single-screw or
multi-screw horizontal kneaders may be used. For example,
a single-~screw or multi-screw extruder or kneader is used.

The time during which the cyclic carbodiimide compound
ig mixed with the polymer differs according to the mixer and
the mixing temperature but preferably 0.1 minute to 2 hours,
more preferably 0.2 to 60 minutes, much more preferably 0.2
to 30 minutes.

As the solvent may be used a solvent which is inert
to the polymer and the cyclic carbodiimide compound. A
solvent which has affinity for both of them and dissolves
at least part of each of them is preferred. The solvent is
selected from a hydrocarbon-based solvent, a ketone-based
solvent, an ester-based solvent, an ether-based sclvent, a
halogen-based solvent and an amide-based solvent.

Examples of the hydrocarbon-based solvent include
hexane, cyclohexane, benzene, toluene, xylene, heptane and
decane. EBExamples of the ketone-based solvent include
acetone, methyl ethyl ketone, diethyl ketone, cyclohexanone
and isophorone. Examples of the ester-based solvent include
ethyl acetate, methyl acetate, ethyl succinate, methyl
carbonate, ethyl benzoate and diethylene glycol diacetate.
Examples of the ether-based solvent include diethyl ether,
dibutyl ether, tetrahydrofuran, dioxane, diethylene glycol
dimethyl ether, triethylene glycol diethyl ether and
diphenyl ether.

Examples of the halogen-based sclvent include

dichloromethane, chlorcform, tetrachloromethane,



5(step (1a)) The step (la) is to obtain the nitro compound (c) of the following formula by reacting a
compound of the following formula (a-1), a compound of the following formula (a-2) and a compound
of the following formula (b-1). 0 Ara-, NO2 (c) In the above formulas, 1C31, Aral and Az-2
are as defined 15 in the above formula (2-1-1). Elah#l E2 are each independently a group selected

from the group consisting of halogen atom, toluenesulfonylo roup, methanesulfonyloxy group,
benzenesuIfonyl%i?%%%pogr% p- %n;aiobrgnzérﬁ%guIf%ﬁ)g/l%éf%éo%ﬁ?%gﬁ{bﬁ*es of the 20 halogen atom
include chlorine @tomisiomine atormanddoding atoine Acanventianaly-krowr €ther synthesizing

method may be or act ex illiamsan:s reaction in which a compound of
R Lrte pesion Enf e Wl

the formula (a-1), a compoun orm mpound of the formula (b-1) are
reacted in a soiVentirftHesdrbyeifcerokabdsic cdmpolihdaniybeusedmide and

5 N-methyl-Z-pyrrolidone. These solvents may be used alone
or as a mixture.

In the present invention, the solvent is used in an
amount of 1 te 1,000 parts by weight based on 100 parts by
welght of the total of the polymer and the cyclic carbodiimide

10 compound. When the amount of the solvent is smaller than
1 part by weight, there is no point in using the solvent.
Although there is no upper limit to the amount of the solvent,
it is about 1,000 parts by weight from the viewpcints of
manipulation ease and reaction efficiency.

15 In the case of the method in which the solid polymer
is brought into contact with a ligquid containing the cyclic
carbodiimide compound dissolved therein, dispersed therein
or molten therein to be impregnated with the cyclic
carbodiimide compound, the solid polymer is brought into

20 contact with the carbodiimide dissolved in the above solvent,
or the solid pelymexr is brought into contact with an emulsion
of the carbodiimide. 7Tobring the solid polymer into contact
with the cyclic carbodiimide compound, the polymer is
immersed in the cyclic carbodiimide compound, or coated or

25  sprayed with the cyclic carbodiimide compound.

A sealing reaction by the cyclic carbodiimide compound
of the present invention can be carried out at room
temperature (25°C) to 300°C. However, the reaction
temperature is preferably 50 to 280°C, more preferably 100

30 to280°C fromthe viewpoint of reactionefficiency. Although
the reaction proceeds more at a temperature at which the
polymer is molten, the reaction is preferably carried out
at a temperature lower than 300°C to suppress the sublimation

and decomposition of the cyclic carbodiimide compound. To



a7 Sodium hydride, metal sodium, sodium hydroxide, potassium hydroxide or potassium

. carbonate is used as the basic compound. N,N-dimethylformamide, N-methyl-2-pyrrolidone or
tetrahydrofuran is used as the 5 solvent. The reaction temperature i s preferably 25 to 150C. Although
the reaction proceeds swiftly under the above conditiodd a phase-transfer catalyst maybe added to

promote the reapen, JO(s(EB (b -1 e SiER.10 12 obiain e pie-compound of the folloning
formula (c) by reacting a compound of the following formula (a-i), a compound of tﬁgjfol?owmg formula

(a-u) and a comPbliA¢ SEHETNBWING OPANELE-). USE D ArdieO2¢d-IeEt Ara 2 atu)HO-
Xal-OH (b-) (c) In the ahouedQrRulas. Araa Ara’ and Xal e as defingd.20.ip th ,%P@yﬁgg%mU'a

(2-1-1). E4 and E4 are each independently a group s€lected from the group consisting ot halogen

atom, toluenesulfriGklYgtou mlifahéshiforyIBRPEubIBeRz e resuffE ApIoXyag dup apdd .
p-bromobenzengsulfonyl@geroyp: 25Aanventienally known ether synthesizing, method may be used

for the reaction. For example, a Williamson's reaction in which a compound of the formula (a-1), a
compound cenventional linear carbodiimide compound (Patent Document
2: JP-A 2005-2174) . Examples of the catalyst include aikali
metal compounds, alkali earth metal compounds, tertiary
amine compounds, imidazole compounds, quaternary ammonium
10 salts, phosphine compounds, phosphonium salts, phosphoric
acid esters, organic acids and Lewis acid. They may be used
alone or in combination of two or more. The amount of the
catalyst which is not particularly limited is preferably
0.001 to 1 part by weight, more preferably 0.01 to 0.1 part
15 Dby weight, much more preferably 0.02 to 0.1 part by weight
based on 100 parts by weight of the total of the polymer and
the c¢yclic carbodiimide compound.
As for the amount of the cyclic carbediimide compound,
the content of the carbodiimide group in the cyclic
20 carbodiimide compound is selected from a range from 0.5 to
100 equivalents based on 1 equivalent of the acid group. When
the content of the carbodiimide group is lower than 0.5
equivalent, there may be no point in using the carbodiimide.
When the content is higher than 100 equivalents, the
25 characteristic properties of a matrix may change. From this
viewpoint of view, the content of the carbodiimide group is
preferably 0.6 to 75 eguivalents, more preferably 0.55 to
50 equivalents, much more preferably 0.7 to 30 equivalents,

particularly preferably 0.7 to 20 eguivalents based on the

30 above standard.

<production process of cyclic carbodiimide compounds
As the process for producing the cyclic carbodiimide

compound, a process for producing the compound from an amine



48 of the formula (a-u) and a compound of the formula (b-i) are reacted in a solvent in the presence of
. a basic compound may be used. Sodium hydride, metal sodium, sodium hydroxide, 5 potassium
hydroxide or potassium carbonate is used as the basic compound. N,N-dimethylformamide,
N-methyl-2-pyrrolidone or tetrahydrofuran is used as tHfe>solvent. The reaction temperature is

preferably 25 to 150C. Although the reaction proceeds under the above conditions, 10 a
phase-transfer catalyst may %%ra%lﬁgg 6 %rolrggt%ytﬁgartégct%%gﬁaot{éﬁgbu@l%ﬁ%ﬁﬁ% L&,
trioctylmethylamipesriumigadt, barzyldinethyldctaderylamnsonium sattngsanan etheriglkisad as the

phase-tansfer coalyss 16 (5160 (2) concThe sep 2} sJa oblois e amine compound () o

thefollowingformulabyreducingtheobtainednitrocompound (c). and X," are as
defined in the alS6VERHRLIA T21-3) amipecervantiorallyknrowsinsethotinay benisedfor the

reaction. Fay examplss i eosoonaunh(s) s caualuiangd reucedinasolvant n e presence o
hydrogen and a catalyst. Palladium carbon, palladium carbon-ethylenediamine com[:r)'}ex,
palladium-fibroirt: FERSYR-poK/RHE e AEINHEE Anie RETSTERBpe R IPTSEHEES the tatalysiuMétzanol,

ethanol, 30 isoprapyl @-&Qﬂf‘)@luﬁi{iipXﬁf‘@ﬂ%@"‘%ﬁl@ﬂ@%ﬁ%ﬁﬁ%ﬁ@?fough a thiourea
compound, a process for producing the compound from a
carboxylate compound through an isocyanate compound and a
10 process for producing the compound by deriving a lactam

compound may be employed.

(production of monocyclic carbodiimide compound (f))
The monocyclic carbodiimide compound (f) represented
15 Dby the following formula (2-1-1) can be produced through the
following steps (1) to (4).

O—X,'—0
2N
Ar; Araz
Ny
N——"’-’C“"—'N (2_1_1)

(In the above formula, Ar,' and Ar.’ are each

independently an arylene group having 5 to 15 carbon atoms
20  which may be substituted, and X.' is an alkylene group having
1 to 20 carbon atoms.)

The step (1) is to obtain a nitro compound (c). The
step (1) has step (la) and step (1b). The step (2) is to
cbtain an amide compound (d) from the nitro compound (c).

25 The step (3) and the step (4} are to obtain the monocyclic
carbodiimide compound (f) from the amide compound (d). The
step (3) to (4) has the embodiment of step (3a) through step
(4a), and step (3b) through step (4b).

Stated more specifically, the carbodiimide compound

30 (£) can be produced through the following schemes.
{scheme 1) step (1a) - step (2a) - step (3a) - step {(4a)



49 dichloromethane, chloroform or N,N-dimethylformamide is used as the solvent. The reaction
temperature is preferably 25 to 100C. Although the reaction proceeds at normal pressure, pressure is
preferably applied to promote the 5reaction. As another reaction for obtaining the amine
compound (d), the nitro compound (c) is reacted with #facid and a metal, or the nitro compound (c) is

reacted with hydrazj dac (step (_g_a(;l e ste 3a) o obtaln a
(Qéﬂ@n?é‘ 2 oy )50 }Pa wing orm 51 &{e btalneg%mﬁnjg compound

triphenylphosphine compound (e-1) of the foIIo a by réactm
(d) with triphenylgtaspme315 gibramitdelAral PAES BﬁDAraSS(*eeg - step {4b)
(scheme 4) step (1b) - step {(2a) - step (3a) - step (4a)

5 (step (la))
The step {(la) is to obtain the nitro compound (¢} of
the following formula by reacting a compound of the following
formula (a-1), a compound of the following formula (a-2) and

a compound of the following formula (b-1).

10 HO Ary! NO, (a-1)
HO Ary” NO, (a-2)
E’ X,! E? (b-1)
0—X,'—0
NO, NO, (a)

In the above formulas, X.', Ar.’ and Ar.? are as defined
15 in the above formula (2-1-1).

E' and E® are each independently a group selected from
the group consisting of halogen atom, toluenesulfonyloxy
group, methanesulfonyloxy group, benzenesulfonyloxy group
and p-bromobenzenesulfonyloxy group. Examples of the

20  halogen atom include chlorine atom, bromine atom and iodine
atom.

A conventicnally known ether synthesizing method may
be used for the reaction. For example, a Williamson’s
reaction in which a compound of the formula (a-1), a compound

25 of the formula (a-2) and a compound of the formula (b-1) are
reacted in a solvent in the presence of a basic compound may

be used.



In the above formula, Aral, Ara2 and Xal are as defined in the above formula (2-1-1). Ara is a phenyl
group. A conventionally known method may be used for the 20 reaction. For example, the amine
compound of the formula (d) is reacted with triphenylphosphine dibromide in a solvent in the presence
of a basic compound. Triethylamine or pyridine is used*ds the basic compound. Dichloroethane,

chloroform or benzene ig 4 }% I%sﬁgf%sglc\{gnt.&lrgg reaction, 25 temp fl&léqrelils refer.acgly 0 to 80C.
(step (4a)) The step? a)' is 10 obtain the cydiic carbodiimide compound (F 8 tH&Following
formula by isocyamatifg ihen3d pirured giphenytphasphine compoundtie aireacten systerhs50 and

then decarbonatipg.the iégm@, pr&q%_t Sirec %ég-g%%@{%mraz N--=C-N/ (f) (In the above
e formula

formula, Aral, Ara2 and Xal are as defined in the abo -Eiil).) 5A conventionally known
method may be Xis&g Férithe Feiotiore Forexample, tss riphedyipfosphine sompodinasofthe formula

(e-1) is reacfed ina salyent inifhe presence,of ditsdsautyl.dicarbonate and 1. 5 o 1500

N,N-dimethy1-4-aminopyridine. Dichloromethane or 10 chloroform is used as'the solvent. T%"e reaction
temperature Is &é@gﬂgqo‘c@q@@actlon proceeds swiftly under the above

conditions, aphase-transfer catalyst may be added to promote

the reaction.

10 (step {(1b))
The step (1b) is to obtain the nitro compound of the
following formula (c} by reacting a compound of the following
formula {(a-i), a compound of the following formula {a-ii)

and a compound of the following formula (b-i}.

15 g Ar,' NO, (a-1)
4 2
I R
HO-—— X,'——0H (b-1)
7
R
NO, NO,

(c)

In the above formulas, Ar,", Ar.® and X.' are as defined
20 in the above formula (2-1-1). E® and E' are each
independently a group selected from the group consisting of
halogen atom, toluenesulfonyloxy group, methanesulfonyloxy
group, benzenesulfonyloxy group and
p-bromecbenzenesul fonyloxy group.
25 A conventionally known ether synthesizing method may
be used for the reaction. For example, a Williamson's

reaction in which a compound of the formula (a-1i), a compound



(step (3b) ) The step (3b) is to obtain an urea compound or thiourea 15 compound of the
following formula (e-2 ) by reacting the amine compound (d) with carbon dioxide or carbon disulfide. /0
Xal-0 Aral\Ara2 N HN-C-NH (e-2) In the above formula, Aral, Ara' and Xal are as defined in the
above formula (2-1-1) , and Z is an oxygen atom or sulfi# 20atom. A conventionally known
method may be 8§ec&{10r t@%rrrenacltg)n(fg[ 995""@{{% tge urea comﬁou%d 7%52) . For example, the amine
compound (d) is Téacted in a solvent in the presence of Catbon toside -2 BhoSEABHIE coRipblind and
a basic 25 compvoadr festicsphioroussaciy esterior & phasphericacid ésteib 5 i usedmsithe
phosphorus co nd. Trigthylamine, pyridine, imidazole or picoline is used as the basic compound.
Pyridine, N,N-dimethylformamide, acetonitrile, chlorobenzene or toluene is used as the solvent. The
reaction temperature is preferablyyt-8g€., meAs hnotittrreactiordforobtainimg thielarea compound

o TG e R 0 S TR oo
basic compound. N,N-dimethylformamide,
N-methyl-2-pyrrolidone or tetrahydrofuran is usged as the
solvent. The reaction temperature is preferably 25 to 150°C.
Although the reaction proceeds under the above conditions,

10 a phase-transfer catalyst may be added to promote the

reaction. A tetrabutylammonium salt,
trioctylmethylammonium salt,

benzyldimethyloctadecylammonium salt or crown ether is usad

as the phase-transfer catalyst.

15
(step (2))
The step (2) is to obtain the amine compound {d) of
the following formula by reducing the obtained nitro compound
().
1
Ar; Araz
20 NH, NH, (d)
Ar.', Ar,® and X' are as defined in the above formula
(2-1-17).

A conventicnally known method may be used for the
reaction. For example, the nitro compound {(c) is catalytic
25 reduced in a sclvent in the presence of hydrogen and a
catalyst.
Palladium carbon, palladium carbon-ethylenediamine
complex, palladium-~fibroin, palladium-polyethyleneimine,
nickel or copper is used as the catalyst. Methanol, ethanol,

30  isopropyl alcohol, dioxane, tetrahydrofuran, ethyl acetate,



10 reaction for obtaining the thiourea compound (e-2). For example, the amine compound (d) is
reacted in a solvent in the presence of carbon disulfide and a basic compound.
Triethylamine,pyridine, imidazoleorpicoline is used as the basic compound. Acetone, methanol,
ethanol, 15 isopropyl alcohol, 2-butanone, pyridine, N,K3imethylformamide oracetonitrile is used as

the solvent. The yeagtion temn e is_preferably 25 to 9 Although the reaction proceeds swiftly
under the above cc?n%%c}%s, car %gri:ététrg rgf;%%iﬁg %%%/ be u%% t()é{;ﬁ%‘gnth&giég ?g%?ib?{%é {step (4b))
The step (4b) isus@btain tHeecyslicwszarbodiifite compoind (e delaydiating sherehitained 1irea

compound (e-2 ), ar desulfurizing t jourea c o] -2). 2 anventionally known method may
be used for the %e%c%%nl.ifglc?r g(émrglet{e%?]geug?éaeg%npyc()gugnc%j%cﬁg)'[ﬂigl%egg %grcr%]%oﬁ%d '3—53]?;1 reacted in a
solvent in the pre$&fce &Ftol RHRSEIFSHY| ERlakite br mdthylsalforyl ehloridepo dehydratéthe urea
compound ée-2).qQr.desulfurize the thiourea 30 compound (e-2). Dichloromethane, chloroform or
pyridine is used as the solvent. The reaction temperature is preferably 0 to 80C. As another reaction

for obtaining the cyclic APt EoRSiFELINERE), fre uPEs edmpaEndle2pisireacteemsoumith
mercury oxide, qrghe thieurea eempeudnghiendyiseacted with sedism,hypochlorite. spradyction of
bicyclic carbodiimide compound (F)>

metal, or the nitro compound (c) is reacted with hydrazine

and a catalyst.

10
{step (3a))
The step (3a) is to obtain a triphenylphosphine
compound (e-1) of the following formula by reacting the
obtained amine compound (d) with triphenylphosphine

15 dibromide.

1 —0—X'=0—_, >
2

I

N N

| | .

PAr, FPAr“; (e-1)

* and X.' are as defined

In the above formula, Ar.', Ar,
in the above formula (2-1-1). Ar® is a phenyl group.

A conventicnally known method may be used for the

20 reaction. For example, the amine compound of the formula

(d) is reacted with triphenylphosphine dibromide in a solvent
in the presence of a basic compound. Triethylamine or
pyridine is used as the basic compound. Dichloroethane,
chlorcform or benzene is used as the solvent. The reaction

25 temperature is preferably 0 to 80¢°C.

(step {4a))
The step (4&) is to obtain the cyclic carbodiimide
compound (£) of the follewing formula by isocyanating the

30 obtained triphenylphosphine compound in a reaction system



5 The bicyclic carbodiimide compound (F) represented by the following formula (4-1-1) can be
produced through the following steps (1) to (4). 4 Arc NN___Arc -00" // Ar (4-1-1) In the above formula,
Xcl is an alkanetetrayl group 10 having 1 to 20 carbon atoms. Arcl, Ar02, Ar03andAr04 are each
independently an arylene group having 5 to 15 carbon atbms which may be substituted. The step

1) is to obtain a_nitto compoynd (C). The step (1) has step (1A) and step (1B). The step (2) isto 15
E)l:?tf!\sinc;n arnlidea}:%(lanpto%%]g (%??r%?n%%%aeﬁi r%%o%&oujhsdo(%é.a‘?%g ?gepp(‘%’gﬂg‘ihg&é C(E(}fére to

obtain the bicyclic carbodiimide comp ﬁel-fR)jfem the amide compound (D). The step (3) to (4) has
the embodiment of step (3A) througly'step (4A), and'step (3B) through step (4B). 20The carbodiimide
compound (F) can be produced i;hfgbgh the following aémes. (scheme 1)step (1A)step (2A)step
(3A) - step (4A) (scheme 2)step (1A\)%tep (2A)step (3B) - step (4B) (scheme 3)step (1B)step (ZA)step
(3B) - step (4B) 25(scheme 4)step (1B)gtep-(2A)step (3A) - step (4A) (ste(gf §1A)) The step (1A) is to

obtain a nitro compound of the X R
(In the above formula, Ar.', Ar,

and X.' are as defined in
the above formula (2-1-1).)

5 A conventionally known method may be used for the
reaction. For example, the triphenylphosphine.compound of
the formula (e-1) is reacted in a solvent in the presence
of di-tert-butyl dicarbonate and
N, N-dimethyl-4-aminopyridine. Dichloromethane or

10 chloroform is used as the solvent. The reaction temperature

is preferably 10 to 4C°C.

{step (3b))
The step (3b} is to obtain an urea compound or thicurea
15 compound of the following formula (e-2) by reacting the amine

compound {(d) with carbon dioxide or carbon disulfide.

O—X,'"—Q
7 EE N
Ar, /Ara
HN—C—NH
Z (e-2)

In the above formula, Ar,, Ar.’ and X.' are as defined

in the above formula (2-1-1), and Z is an oxygen atom or sulfur
20 atom,

A conventionally known method may be used for the
reaction for obtaining the urea compound (e-2}. For example,
the amine compound (d) is reacted in a solvent in the presence
of carbon dioxide, a phosphorus compound and a bagic

25 compound .

A phosphorous acid ester or a phosphonic acid ester



53 following formula (C) by reacting compounds of the following formulas (A-1) to (A-4) and a
compound of the following formula (B-1). (X011 is (C) In the above formulas, Aros to Ar04 and
X0' are as defined in the formula (4-1-1). El to E4 are eEalch independently a group selected from the
group consisting of halogen atom, 15 toluenesulfonyloXy group, methanesulfonyloxy group,

benzenesulfonyloxy:geeu: and-emabeszaresulippyiensy aromp; 4,1 2 d g Leagion gopditions are
the same as those jn the above step (Ia#jp(i%tep_(lB)) 5The step (18%%5 to obtain the nitro compound of
the following forPUt&{EPEY rédttiRg TOMPoTINdS of RS fAREwWingToRAGHS (AAFRPURR) and a

compound of the{altoning formute- (Bilethyl formamide, acetonitrile,
chlorobenzene or toluene is used as the golvent. The
5 reaction temperature is preferably 0 to 80°C.
As another reaction for obtaining the urea compound
{e-2), the amine compound (d) is reacted with carbon monoxide,
or the amine compound {d) is reacted with phosgene.
A conventionally known method may be used for the
10  reaction for obtaining the thiourea compound (e-2). For
example, the amine compound (d) is reacted in a solvent in
the presence of carbon disulfide and a basic compound.
Triethylamine, pyridine, imidazole or picoline is used
as the basic compound. Acetone, methanol, ethancl,
15 isopropyl alcochol, 2-butanone, pyridine,
N,N-dimethylformamide or acetonitrile is used as the solvent.
The reaction temperature is preferably 25 to 90°C. Although
the reaction proceeds swiftly under the above conditions,

carpbon tetrabromide may be used to promote the reaction.

26
(step (4b))
The step (4b) is to obtain the cyclic carbodiimide
compound (f) by dehydrating the obtained urea compound {(e-2)
or desulfurizing the thiourea compound (e-2).
25 A conventionally known method may be used for the

reaction. For example, the urea compound or thiocurea

compound {e-2) 1is reacted in a solvent in the presence of

toluenesulfonyl chloride or methylsulfonyl chloride to

dehydrate the urea compound {e-2) or desulfurize the thiourea

30 compound (e-2).

Dichloromethane, chloroform or pyridine is used as the

solvent. The reaction temperature is preferably 0 to 80°C.
As another reaction for obtaining the cyclic

carbodiimide compound (£), the urea compound(e-2) ig reacted



HO\ /OH HOAOH(B-i) (X01 is H21-12 ---CH2 C H2 NO2 N 02 Arc3,Arc 1c)

10

15

20

25

b2

with mercury oxide, or the thiocurea compound (e-2) is reacted

with sodium hypochlorite.

<production of bicyclic carbodiimide compound (F)>

The bicyclic carbodiimide compound (F) represented by
the following formula (4-1-1) can be produced through the
following steps (1) to (4).

Neze= Com==N
A%qi:: Ar St
¢
0 0/
1/’
X
o o
1.~ N2
Arc \ / Ar c
Nzm=C =N (4-1-1)

In the above formula, X, isg an alkanetetrayl group
having 1 to 20 carbon atoms. Ar.', Ar.?, Ar.® and Ar.* are each
independently an arylene group having 5 to 15 carbon atoms
which may be substituted.

The step {1) is to obtain a nitro compound {C). The
step (1) has step (1A) and step (1B). The step (2) is to
obtain an amide compound (D) from the nitro compound (C) .
The step (3) and the step (4) are to cbtain the bicyclic
carbodiimide compound (F) from the amide compound (D). The
step (3) to {4) has the embodiment of step (3A} through step
(4A}, and step (3B) through step (4B).

The carbodiimide compound (F) can be produced through

the following schemes.

i

(scheme 1) step (1A) - step (234) )

step (3A )

{scheme 2) step (1A) - step (2A) -~ step (3B) - step (4B)
(3B )

{3A

I
)
9
&

e
=
i

{

{scheme 3) step (1B} - step (2A) )

)

step

|
0!
[
D

e
=
by

(scheme 4) gtep (1B) - step (2A)

step

E
W
n
@

ge

™

Z

(step (1A})

The step (1A) is to obtain a nitro compound of the



---0 Arcl 02NNO2 (C) In the above formulas, ArO1 to Ar04 and X01 are as defined in the formula
(4-1-1)ES5 to E8 are each independently a 55 group selected from the group consisting of halogen
atom, toluenesulfonyloxy group, methanesulfonyloxy group, benzenesulfonyloxy group and
p-bromobenzenesulfonyloxy group. 5The reaction conditions are the same as those in the above step

(Ib). (step (2A)) fo11dheiepd2a;istoehtai tJt_Jg ine compound of_ 10 the following formula
by reducing the obtained rﬁﬁ compouncf.ell\?lH Araﬁg&ﬁﬁlﬁ ﬁg%poung)s) of the following
formulas (A-1) to (A-4) and a compound of the following

formula (B-1).

HO Ar,] NO, (A1)
5 HO Ar? NO, (A2
HO Arg® NO, (3-3)
HO At
Fe NQZ (A-4)
£ £2
N
Xe
54/ \ES o)
{Xc1 is
H,  H,
\C/
RN
__m__,CH2 C....._..
10 Hy
I I
AI’C;:S\O O/AFC4
\X ’
1 O’// C\‘O
Arc - \T\rcz
OoN NO
2 2 ()

In the above formulas, Ar,’ to Ar.* and X.* are as defined
in the formula (4-1-1). E* to E* are each independently a
group selected from the group consisting of halogen atom,
15  toluenesulfonyloxy group, methanesulfonyloxy group,
benzenesulfonyloxy group and p—bromebenzenesulfonyloxy

group.



(n) Aro" to Arc™ and Xcl are as def ined in the formula (4-1-1) . The reaction conditions are the
same as those in the above 15step (2a) . (step (3A)) The step (3A) is to obtain a triphenylphosphine
compound (E-1) of the following formula by reacting the 20 obtained amine compound (D) with
triphenylphosphine dibromide. 56 in the formula (4-1-1%,4and Ara is a phenyl group. The reaction

conditions are the same siedhosa i the-Abeyeslen &) Stsiep{dAllay,. The siep.(A)s tp obtain
the compound (F) of the foIIowin%formula by isocyanating the obtained triphenylp ospjhlne compound
in a reaction syste dhdThER détdrbonating the isocyanated product directly. AC.N *.00 --7Arc4 0

ArcAre2
(step {(1B))
5 The step (1B) is to obtain the nitro compound of the
following formula (C) by reacting compounds of the following
formulas {A-i) to (A-iv) and a compound of the following

formula (B-i}.

= Ar e NO, (B-1)
10 E° Arg® NGO, (A-ii)

E” Arg’ NG, (A-ii1)

Bl Ar'—— NO, (A-iv)

HO\ /OH

1
C

o/ N\
H OH (B-1)

(X ia
Ho H,
\C/
VRN
"""""“"'"""CH2 G
15 2 )
TOZ N02
Arca\ Arc4
O\ /O/
X 1
’ O/ C\O

Ar' \T\rcz

In the above formulas, Ar.' to Ar.® and X.! are as defined

in the formula (4-1-1). E° to E°® are each independently a



10N=--C--=N(F) (In the above formula, Arc' to Arc.' and X: are as defined in the formula (4-1-1) )
The reaction conditions are the same as those in the above step (4a) 15 (step (3B)) The step (3B) is to
obtain an urea compound or thiourea compound (E-2) of the following formula by reacting the amine
compound with carbon dioxide or carbon disulfide 20 57 In the above formula, Arc' to Ar04 and

X, are as defineghin the fsmula (s 1ih)oAnd Zas SAAXYIeRA9m.Orn sulfyratom. The reaction
conditions are the same as those in the above step (3b). (step (4B)) The step (4B) Is to obtain the
compound (F) of- hrEY8RG NG FeMdISHY detdratiftetRaasbtained eired edmpeumdpr desulfurizing the

ﬂﬂmﬂeaCompowﬁhfﬁﬁ%ﬁhff%h@ﬂb&?”&@gﬁﬁ(bﬁﬁe@“gromobenzenesulfonyloxy
group .
5 The reaction conditions are the same as those in the

above step (1b).

{(step (2A))
The step (27} is to obtain the amine compound (D) of

10 the following formula by reducing the obtained nitro

compound.
NH; NH,
/ch3=wﬁ\~cj ’,,,/Nrc4
\\X 1/0
’ O/ C\O
;l\rc " \TrCZ
HoN NH; (D)

Ar,' toAr.' and X.' are as defined in the formula (4-1-1) .
The reaction conditions are the same as those in the above

15 step (2a).

(step {(3A4))
The step (3A) is tec obtain a triphenylphosphine
compound (E-1} of the following formula by reacting the

20 obtained amine compound (D) with triphenylphosphine

dikromide.
e a

T AT ——

3 p
Arc \__O O/ Afc

\X 1/
o ™o

Ar ~Ar?
NmPAfag N:“-MPAfag (E -1 }

In the above formula, Ar.’ to Ar.* and X.' are as defined



10N=.-C--=-N(F) (In the above formula, Aro' to Ar04 and X01 are as defined in the formula
(4-1-1).) The reaction conditions are the same as those in the above step (4b). 15Although the
cyclic carbodiimide compound can seal the acid groupsof a polymer effectively, a conventionally
known sealing agent for the carboxyl group of a polymer%ay be optionally used in combination as

long as it does nathwetk-againstihe smbﬂeg_mﬁ;tegggt@grpr%gngig%ﬁgg?@ Ag'sr@ﬁ 0 ceﬁ\éentionally
known carboxyl group sealing agent, agents disclosed by JP-A 2005-2174 such as epoxy compounds,
oxazoline compou%%%fn%%%%%ﬁe%&rﬂﬁﬁuﬁﬁ? M&Fbeaike o £ xamsies 25 THesfollowirey sremples are
provided to furthérifliistrate the present invention. Characteristic properties were measured by the
following methods. (1)identification of cyclic carbodiimide structure by NMR 58 The synthesized
cyclic carbodiimide compound was confirmed by 1H-NMR and11C-NMR. The JNR-EX270 of JEOL
Ltd. was uséd for BiMR. Heavy) chloroform was used as the solvent. (2)identification of carbodiimide

skeleton of cyclic 5carbagdiimide by | . ,
y Qﬂﬂ@ §%é%|%4A) is to obtain the compound (F) of the
following formula by isocyanating the obtained
triphenylphosphine compound in a reaction gystem and then

decarbonating the isocyanated product directly.

NmCmN\
Arcs Ar, 4
[

\O O/

i/
X
o C\o

Al \\A 2
AN o

(In the above formula, Ar." to Ar.* and X! are as defined
in the formula (4-1-1).)
The reaction conditions are the same as those in the

above step (4a).

15
(step (3B))

The step (3B) is to obtain an urea compound or thicurea
compound (E-2) oftﬂmafollowing‘formulaknrreactingtﬂuzamine
compound with carbon dioxide or carbon disulfide.

20
ﬁ
;N——C NH\
A!’cs Arc4
\0 O/
\\Kf/
Q/ ~
G
7 N
Ar, /Arc2
HNr——C——=NH



The existence of the carbodiimide skeleton of the synthesized cyclic carbodiimide compound at 2,100
to 2,200 cm-1 which is the characteristic of a carbodiimide was confirmedbyFT-IR.
TheMagna-7500fThermonicoleyCo.,Ltd. 10 was used for FT-IR. ( 3 )concentration of carboxyl group
The sample was dissolved in purified o-cresol in a nitro én stream and titrated with an ethanol solution
of O._05 N potgss_ium hydroxide oy using @@mgpjgs’oh@!:ue@é AR lSEJHgiggcto% é/ntgegisf?ﬁaergple 1
cyclic carbodiimige CC1 CC1: MW - 194 (CH2)-( N=C= N 20w-faurinlactam ‘05 moﬁ,
trimethyloxonium FudrdBofRE T8 1méf ahdtoo mRef dichiBrametranaareretied ton reattnequipped
with a stirrer andsa beaterinan-N2 atmespherriand rpactad wnder refllneinthe N2 atmosphere. 6
hours after the reaction, the r(:guc d salt was removed 25 by filtration, and the filtrate was washed
with 100 ml of ai%%%%o%écs%%u % ?b"onate aqueous solution 3 times and further with 100 ml of
distilled watg&r 3 times. An organic layer was dehydrated with 5 g of sodium sulfate and
dichloromethane(\évgs rerrag%g(i under reduced pressure to obtain 30 an intermediate product A. Then,
A (0.

the intermediate proggct mol), 59
The step (4B) is to obtain the compound (F) of the

following formula by dehydrating the obtained urea compound

or desulfurizing the thiourea compound.

Nm{)x;\g\
AE-CS Ai’4
c
\O O/
-
X
o C\o
ar e \\A 2
AN e

(In the above formula, Ar.' to Ar.* and X.! are as defined
in the formula (4-1-1).)

The reaction conditions are the same as those in the
above step (4b).

15 Although the cyclic carbodiimide compound can seal the
acid group of a polymer effectively, a conventicnally known
sealing agent for the carboxyl group of a polymer may be
optionally used in combination as long as it does not work
against the subject matter of the present invention. As the

20 conventionally known carboxyl group sealing agent, agents
disclosed by JP-A 2005-2174 such as epoxy compounds,

oxazoline compounds and oxazine compounds may bhe used.

Examples
25 The following examples are provided to further
illustrate the present invention.
Characteristic properties were measured by the
following methods.

(1) identificationcﬁfCycliccarbodiimidestructurekmfNMR



hydroxylamine hydrochloride (0.11 mol), sodium hydrogen carbonate (0.15 mol) and 100 ml of
methanol were fed to a reactor equipped with a stirrer and a heater in an N2 atmosphere and reacted
under reflux in the N2 atmosphere. 5 6 hours after the reaction, the reaction mixture was filtrated, and
an intermediate product B was obtained from the filtrate %y recrystallization. Then, the

intermediate product B (§dameland 20 mlaf pyridine, were. .a reactor having a stirrer, a
dropping 10 funnel and an ice t&tlh in an N2 at%)ngsphere anéje(s%:%ﬁ gth%cr}\%gl%gqn%l Ehdride (0.11
mol) was gradudfi§=ttEacHopWisE 16He saxsting AMiure. it iNE eRE 25T Aduftiomca.reaction was

carried out in theige hatbdn the N&atmespRaredar 6 hors-YWhsn ‘{lﬁé%ag{%ﬁ%'uéic‘?ﬂv"%%% .

transferred to 15 a beaker containing 500 ml of water after the reaction, a light yellow solid separated

out. The solid was ¢ollectdd by Filtrtrohidie WasKE RPPI0HH SEwales several tifesito bbtain an

intermediate product C. Eheresdfterthadntggmediate product C (0.1 mol) and 20 50 ml of
dimethoxyethane were f%g to a reactor equi(%%ed with a stirrer and an ice bath, and 20 ml of

dimethoxyethane contaifing potasEiii tertbltd¥iGe F6 12 a1} Bispersehahefemwat gragually added
to the resulting mixtureds andN? @jradsphererBier aneastionwas earied ogt nghedge 25 bath for 2
hours, CC1 was gbtaine o:lL fcr mitshetrgacti n solution. The structure of CC1 was confirmed by NMR and
IR. Synthesis Examplé 2¢yclic carbodiniidd CC2 36°GE2 S Mifi=253arbodiimide was

confirmed by FT-IR. The Magna-750 of Thermcnicoley Co., Lid.
10 was used for FT-IR.
(3} concentration of carboxyl group
The sample was dissolved in purified o-cresol in a
nitrogen streamand titrated with an ethanol solution of 0.05
N potassium hydroxide by using Bromocresol Blue as an

15 indicator.

Synthesis Example 1 cyclic carbodiimide CC1
CCL: MW = 194

(CHz)gg

N==C== N

20 o-laurinlactam (0.05 mol), trimethyloxonium
fluoroborate {0.1 mol) and 100 ml of dichloromethane were
fed to a reactor equipped with a stirrer and a heater in an
Ny atmosphere and reacted under reflux in the N, atmosphere.
6 hours after the reaction, the produced salt was removed

25 Dby filtration, and the filtrate was washed with 100 ml of
a 15 % potassium carbonate aqueous solution 3 times and
further with 100 ml of distilled water 3 times. An organic
layer was dehydrated with 5 g of godium sulfate and
dichloromethanewaszemovedundarr@ducedpressure1xaobtain

30 an intermediate product A.

Then, the intermediate product A (0.1 mol},



60 o-nitrophenol (0.11 mol), 1,2-dibromoethane (0.05 mol), potassium carbonate (0.33 mol) and 200
ml of N,N-dimethylformamide were fed to a reactor equipped with a stirrer and a heater in an N2
atmosphere and reacted at 5 130C for 12 hours, DMF was removed under reduced pressure, the
obtained solid was dissolved in 200 ml of diclorometharé, and the resulting solution was separated

with 100 ml of wates 3dimasMimergapiclayern was dehydrated with 5 g of sadium sulfate and
dichloromethane was removed undgfri)reduced 10 press)(uré to obta?n)sén ?rﬁ%%r}\lren(q}é% EPo%%%t D (nitro

compound).  CRHERCTR Riterfrefateprodaa (0.2 mél) o5 9eealiadioin sarben{Pd/E)(lag) and
200 ml of ethanotidichiaremethana,&79/30)were fed o areactor 15 aquinped with a stirrer, hydrogen

substitution was carried out 5 times, and a reaction was carried out while hydrogen wasalways

supplied at 25C 3hH YERIRARd3Re T fRCAREBUHEGIaTy dF6der did ot deerdbseampamre rwhen Pd/C

was collected argl theunixed sobent wasremeovednan iHermediate; 20, product, E(ajine compound)
was obtained. £ Itgen,ttrighe%\%ﬁhosphine dibromide (0.11 mol) and 150 ml of 1,2-dichloroethane
were fed to a reactor equipped 84irrBF S RELER BRI A 8ppinPrufmel RP4a NEstnfesphere and

stirred. A solutionlobtdinéd by disseving the 2% dtermediateproduct E (0.05 mol) and triethylamine

(0.25 mol) in 50 ml of 1, ﬁé%lor%éhalr}%\év%%gradually added dropwise to the resulting mixture at
25C. After the end of addition’ a Fesctioh was carfecCoRE A 16t 5 Rodranrhiréarters thafeaction

solution was filteréd> anddhe S0vRltratéavhs separated with 400 na af waterk HimesaABgsganic layer
rossure (o abta A e FAlD CULEE bhoPNoSBH RGN Stirrad.
Methanesulfonyl chloride (0.11 mol) was gradually added
dropwise to the resulting mixture. After the end of addition,
ar@actiqnwascarriedout:nltheicekmthghltheNéatmosphere
for 6 hours. When the reaction solution was transferred to
15 a beaker containing 500 ml of water after the reaction, a
light yeliow solid separated out. The solid was collected
by filtration and washed in 100 ml of water several times
to obtain an intermediate product C.
Thereafter, the intermediate product C (0.1 mol) and
20 50 ml of dimethoxyethane were fed to a reactor equipped with
a stirrer and an ice bath, and 20 ml of dimethoxyethane
containing potassium tert-butoxide (0.11 mol) dispersed
therein was gradually added to the resulting mixture in an
N atmosphere. After a reaction was carried out in the ice
25 bath for 2 hours, CC1 was obtained from the reaction solution.

The structure of CCl was confirmed by NMR and IR.

Synthesis Example 2 cyclic carbodiimide CC2
30
N3 N
CC2 . MW=252
0O 0



61 Thereatfter, di-tert-butyl dicarbonate (0.11 mol), N,N-dimethy1-4-aminopyridine (0.055 mol) and
150 ml of dichloromethane were fed to a reactor equipped with a stirrer and a dropping funnel in an N2
atmosphere and stirred. 100 5 ml of dichloromethane cgntaining the intermediate product F (0.05 mol)
dissolved therein was gradually added dropwise to the ?epsulting mixture at 25C. After the end of

addition, a reaction was eanieg-Qusnerfor 12 hoyrs. Jhereafter, a gg%q:g%ltgintelgida%yere oving 10
dichloromethane Wﬁ] purified to gbtain CC2. The structure of CC2 was chécked by N and IR.
Example 1 end-2&3fing oP BoRRRAHEACTPEP B E 008 phdt BPweighedf &6 dctylate fvas added to 100

15 parts by weight, of-liiactidey mastiaciyres W@MH%@@“@&%%@M%%@%&?@ td, gptical
purity of 100%) to cggr%/rout a reacition at 180C in a reactor equipped with a stirfing blade In a nitrogen
atmosphere for 3" h6Lirs: phospitticadld Wl adtiedds Aeatdjsiadietivaonih asamott af 1.2

fimes 20 thé equivlén atin ztylater e Iasidualiaeliewes remaedaldt3 P, Andhe fesidue
ion of the dbtained

was formed into a chip.to obtain poly(L:lactic acid). The carboxyl group concentra

poly(L-lactic acid%jlh W%gki%ae%}teo% B?%SO% %%ﬁsgd‘f %Eg‘ﬁ‘?%ﬁﬂ@&@té‘?ﬁe‘aprW%Q§%5éié)ﬁ%nd 0.5
part by weight ofthé eysliccearbbtiimie ¢CG2) werenelidneaded togetherinmaans of.A o
double-screw extruder (cylinder temperature of 210C, residence time of 3minutes). The carboxyl group
concentration of poIy(LéI:Cjel):':ticqg{ci(?)%}(%t a%ocppﬁea&/ t%rnE’)Vt‘—’tr%ooflg(%jli'lbfat%t 8§95 ot Frivefe WasREsrsell of an
isocyanate at thé'dlfiet-sf tha@xaiidbi afterniaidading. Exampe2weni-seatiag ofohdactic acid by

CC1 When regqtionaas caiiedut 1o, e same MANEr 85,62, 1t b (mitro
compound) .

Then, the intermediate product D (0.1 mol), 5 %
palladium carbon (P4d/C) (1 g) and 200 ml of
ethanol/dichloromethane (70/30) were fed to a reactor

15 equipped with a stirrer, hydrogen substitution was carried
out 5 times, and a reaction was carried out while hydrogen
was always supplied at 25°C and terminated when the amount
of hydrogen did not decrease any more. When Pd/C was
collected and the mixed solvent was removed, an intermediate

20  product E (amine compound) was obtained.

Then, triphenylphosphine dibromide (0.11 mol) and 150
ml of 1,2-dichloroethane were fed to a reactor equipped with
a stirrer, a heater and a dropping funnel in an N, atmosphere
and stirred. A solution cbtained by dissolving the

25 intermediate product E (0.95 mol) and triethylamine (0.25
moel) in 50 ml of 1,2-dichloroethane was gradually added
dropwise to the resulting mixture at 25°C. After the end
of addition, a reaction was carried out at 70°C for 5 hours.
Thereafter, the reaction sclution was filtered, and the

30 filtrate was separated with 100 ml of water 5 times. An
organic layer was dehydrated with 5 g of sodium sulfate and
1,2-dichlorcethane was removed under reduced pressure to
obtain an intermediate product F (triphenylphesphine

compound) .



in Example 1 except that the cyclic carbodiimide (CC2) was changed to the cyclic carbodiimide (CC1),
the carboxyl group concentration dropped to not more than 0.7 eg/ton, There was no smell of an
isocyanate at the outlet of the extruder 5 after kneading, Comparative Example 1 end-sealing of
polylactic acid by linear carbodiimide compound When areaction was carried out in the same manner

as 10 in Example 1 excephhatthereyelic garhosiimias (GE2hwas £hanaed to the Stabacsole | linear
carbodiimide of Il\i[n%gg%rrg%ga?an Co., Ltd., the carboxyl group concentration was 0.6 €g/ton but a
strong bad smell of ani0cy anate Was ProFEeE A thE olfleCothBekiruase 155 xample 3

end-sealing of polyarnidedomE2ane Mw@&xyb@e@d@émeé&{{%ﬂﬁ?@a 26091 E{)fé\é'tﬁtﬁ%@hi Gas
ad a

Chemical Co., Ltgg&saa aglgami%e c%%[?riswg.metax#Iylenediamlne and adipic acid an

carboxyl group 20 concentration of 70 eq/ton. 100 Pats B NEHRESFhispolyfictanaéne adisamide
and 2.0 parts byt tiee cyilicitbebudiimtitle empaund (CG2) were melt kneaded together hy means of
a double-screw extrydey{cylinder ture of 260C, a residence time of 3 minutes). The carboxyl
group 25 concentraﬁion of pgl%?necjg?y%%ﬁé% géig}rﬁﬁg 33}0"5%5(19{5%%}1?,{0}5’ tidA e S5RBHIFRere was

no smell of an isbeydritte Be fielduted ofthe-exteuder &ftef kneading.  Comparative Example 2
When a reaction was carried out in

end-sealing of polyamid ineay, 30 carbodiimide. compound
St TRl Ol'r])'’ar%oIc-zl‘ﬁrahci: e (Y s ehange Pistthe

the same manner as in Example 3 except that the cyclic ¢
Stabacsole | line=? Ealfodiftide of Lifechafiiedapan 6ol ildd othedarbaxyhgrewmeonegntration was

63 2 .2 eqtion butia-strenahad smel of-an jseryanalg was graduced at the qutlet of the extruder.
Effect of the Invention 5According to the pr?gs;nt invention, an end of a %(')Iymere Structure
of 2 was checked by NMR and IR,

Example 1 end-sealing of polylactic acid by Cc2
0.005 part by weight of tin octylate was added to 100

15 parts by weight of L-lactide (manufactured by Musasghino
KagakuKenkyuushoCo.,Ltd.,GpticalpurityofIHN)%)tocarry
out a reaction at 180°C in a reactor equipped with a stirring
blade in a nitrogen atmosphere for 2 hours, phosphoric acid
was added as a catalyst deactivator in an amount of 1.2 times

20 the equivalent of tin octylate, the residual lactide was
removed at 13.3 Pa, and the residue was formed into a chip
to obtain poly(L-lactic acid). The carboxyl group
concentration of the obtained poly(L-lactic acid) was 14
eq/ton.

25 100 parts by weight of the obtained poly (L-lactic acid)
and 0.5 part by weight of the cyclic carbodiimide (CC2) were
melt kneaded together by means of a double-gcrew extruder
{cylindertemperatureclf210°C,residencetimecﬁIaminutes).
The carboxyl group concentration of poly(L-lactic acid)

30 dropped to not more than 0.4 eq/ton. There was no smell of

an isocyanate at the outlet of the extruder after kneading.

Example 2 end-sealing of polylactic acid by CC1

When a reaction was carried out in the sams manner as



can be sealed with the cyclic carbodiimide compound without liberating an isocyanate compound. As a
result, the production of a bad smell from a free isocyanate compound can be suppressed, thereby
making it possible to improve the 10 work environment. When the end of the -polymer is sealed
with the cyclic carbodiimide compound, an isocyanate éir%up is formed at the end of the polymer, and
the molecular weight=sfdhe pelymer.can.pe ased t 1ar ion, of the jsocgyanate group. 15
The cyclic carbodiimide tiq(l)%mpounc‘(;i also k?asﬂ%\%%u%%%o%%‘Hgagguﬁ%c%#&el %Jb%%rr%rc d a(:%mpound
having an acid gfSti&Giftalie & et polmerrbodEimhee aceoidingtoehesprosentlinyeatipn, since
the cyclic carbodiinide aompound has guacic susie ican 28 shalan end jnder marg ild
conditions than those of a linear carbodiimide compound. The difference between a linear
carbodiimide compsufd afl ¢yQic BarbGHRIAEesRpbuNENE endedlintradotionsmenhimism is
described b&lowa25Wheh:tbe dinear.carbodiimide compound (R1-N=C=N-R2) is used as an
end-sealing agent for a polymer having a terminal carboxyl group, a reaction represented by the
following formula takes place. In the formula, W is the main chain of the polymer. An amide group is

formed at an end ofthrer30 pelymex shrough a reactipnsbetwees the Ii@%qg,qag[@@@gn@lgiqyr%ound and

the carboxyl groyp, and an, isacyanate compound (RINCO) is liberated. Wn-n-PCOOH +
Ri-N:C:N-RZWn-rﬁ%%ﬂﬁasﬁqgéaﬁﬁ{f]ége 64°™POkiddnwhile, when the cyclic carbodiimide compound

is used as an end-sealingtagyert forapolymewhavinga-tesminalcarBOXYOroHReafeRGHON 4 o
representegds by thg fellowing form Lgct kes.place. It is understood that an isocyanate 5 group (-NCO) is
formed at an end of the p%]lymer vélga aﬁpa%m%éagcrotﬁ%ethtg(}ﬁcé & r&4ctisRbetNeBs tHE Exdlicras
carbodiimide cofpBRAEAnEthé karbosgbgrouplandithai ardsocyanatesdomperendsis notdiberated.
Wn-rutiCOOH +cGr&r @5 MB35 RGONH:Q-NCQ 10 (in fhe akove formula, Q is a divalent to
tetravalent bond group whic is selected from an al ?(éhra%igx&%u ?gﬁ%l%(f/%&eﬁrto%tf ah"ardiatic group
or a combinatior? of tRE<e SRR cHRTAR @ Prierowdi of @substituentdte was produced

at the cutlet of the extruder.

15
Example 3 end-sealing of polyamide by Ccz
Polymetaxylene adipamide (MX Nylon S6001 of Mitsubishi
Gas Chemical Co., Ltd.) is a polyamide comprising
metaxylylenediamine and adipic acid and had a carboxyl group
20 concentration of 70 eg/ton. 100 parts by weight of this
polymetaxylene adipamide and 2.0 parts by of the cyclic
carbodiimide compound (CC2) were melt kneaded together by
means of a double-screw extruder (cylinder temperature of
260°C, a residence time of 2 minutes). The carboxyl group
25 concentration of polymetaxylene adipamide dropped to not
more than 1.5 eg/ton. There was no smell of an isocyanate

at the outlet of the extruder after kneading.

Comparative Example 2 end-sealing of polyamide by linear
30 carbodiimide compound
When a reaction was carried out in the same manner as
in Example 3 except that the cyclic carbodiimide (CC2) was
changed to the Stabacsole I linear carbodiimide of Line

Chemie Japan Co., Ltd., the carboxyl group concentration was



Since the cyclic carbodiimide compound used in the 15 present invention has no long chain, it has
high heat resistance and can be used to seal an end of a polymer having a high melting point.
Industrial Applicability 20The method of the present invention can be used to stabilize a polymer. 65
CLAIMS 1. A method of using a compound including a6@yclic structure having one carbodiimide

group whose firsg nitregen Srapd secerd HifkPgen areRanded.together by a,.bond group as an
end-sealing agent for polymers having an a%?d group‘.a 2. The rgggt%tgg%%%gr%?n‘é’atg a&gﬁ{ic%erein
the number of afdmdformitthetcyefic sR6ctBrE K BIRr50. 10 3. The method according to claim 1

which suppresses the production of a free isocyanate compound. 4. The method according to

claim 1, Wherel%tggecggll%%S ts}tﬂrgctﬂrl%gsnrsﬁrj%sented by the following formula (1): fl

5 Accordingtx;thepresentinvention,emlendcﬁfapolym@r
can be sealed with the cyclic carbodiimide compound without
liberating an isocyanate compound. As a result, the
production of a bad smell from a free isocyanate compound
can be suppressed, thereby making it possible to improve the

10  work environment.

When the end of the polymer is sealed with the cyelic
carbodiimide compound, an isccyanate group is formed at the
end of the polymer, and the molecular welght of the polymer
can be Increased through a reaction of the isocyanate group.

15 The cyclic carbodiimide compound also has the function
of capturing a free monomer and a compound having an acid
group contained in the polymer.

Further, according to the present invention, since the
cyclic carbodiimide compound has a cyclic structure, it can

20 seal an end under more mild conditions than those of a linear
carbodiimide compound.

The difference between a linear carbodiimide compound
and a cyclic carbodiimide compound in end-sealing reaction
mechanism is described below.

25 When the linear carbodiimide compound (R,-N=C=N-R,) ig
used as an end-sealing agent for a polymer having a terminal
carboxyl group, a reaction represented by the following
formula takes place. In the formula, W is the main chain
of the polymer. An amide group is formed at an end of the

30  polymer through a reaction between the linear carbodiimide
compound and the carboxyl group, and an isccyanate compound
(R{NCC) is liberated.

WACOOH + Ry—N=C=N—R, —J W CONH—R, -+ R:NCO



NC===N(1) wherein Q is a divalent to tetravalent bond group which is selected from an aliphatic
group, an alicyclic group, an aromatic group or a combination of these and may contain a 20
heteroatom or a substituent. 5. The method according6t40 claim 4, wherein Q is a divalent to
tetravalent bond group represented by the following formula (1-1) , (1-2) or (1-3) : 66 wherein Arl and

Ar2 are each independemty: awlivalent taretravalentarematic Qﬁ%ﬁﬁ‘ﬂﬁgéetoc]tﬁn%%ggﬁ afoms and
may contain a hetgécgfuagm or a supstituent, R' and R2 are each independently a divalent to tetravalent

aliphatic group 5 Having 1 1820 Car561F atdiis 28 S/alEREt R StrakETRS dleyémdgrotis haing 13 to 20

carbon atoms, acrihingtiorgthereof, ar @ cambinationef-taes aliphaticgroup.the alicyglic group and a
divalent to tetravggyerﬁnﬁtl %omggﬁ ggmljﬁplhaving 5 to 15 carbon atoms, and may contain a hetéroatom 10
or a substituent, %2 ‘are each independehtly 2 dRQIEREbIS avdlent aphasiegraahaving 1 to

20 carbon dtomsjzrdipalenido tetravdlentalitydlic-grosipchaving B<a:20 gabenaprs, adivalent to

tetravalent aromatig group having 5.to 15 carbon atoms, or a combination thereof, and may contain 15
a heteroatom cr)-rr@a}Cl sd%gstituent, % an %?ggcgcrlo?% fo r%ﬁ(‘ﬁlsn aﬁ%ﬁ%eﬁgF&F@ t& 3R ¥ Broviso that

when s or k is 2 @PHRISIENR’ 6142 sba reeulringainivmaydifferdrorh anotherXdeeXanrespectively, X3

is a divalent to telrayalentpliphatic graup having, 1 to 20 carbon atoms, a divalent to 20 tetravalent
alicyclic group having 3 to 20 carbon atoms, a divalent to tetravalent aromatic group having 5 to 15
carbon atoms, or a combination thereo ontain a heteroatom or a substituent, with the
proviso that wheyw Q-iswargdivglentibond group, Arl, Ar2, R -R2—Beb-afd%3-arerglidivaleni2s groups,
when Q is a tervalent bond group, one'of Arl, Ar2,  R2, xlI, x2 tetravalent bond group, one of Arl, Ar2,
RI, R2 xl, -2 I

10 (in the above formula, Q is a divalent to tetravalent bond

group which is selected froman aliphatic group, an alicyclic
group, an aromatic group or a combination of these and may
contain a heteroatom or a substituent.)
Since the cyclic carbodiimide compound used in the
15 present invention has no long chain, it has high heat
resistance and can be used to Seal,an.and<3falpslymex‘having

& high melting point.

Industrial Applicability

20 The method of the present invention can be used to

stabilize a polymer.



A and X3 is a tetravalent group, or two of them are tervalent groups. 30 6. The method according to
- claim 1, wherein the compound including a cyclic structure is a compound represented by the following

formula (2): 67 an aliphatic group, an alicyclic group, an aromatic group  or a combination of these
and may contain a heteroatom or 5 a substituent. 7.The method according to claim 6, wherein Qa is a

divalent bond group represented by the following formutaM2-1),(2-2) or (2-3): 10Aralf 0al)-0-Ara2(2-1)
(2-2) xa3-(2-3) wherein Aral, Ara2, Rai, Ra2, Xal, Xa2, Xa3, s and k are identical to Arl, Ar2, Ri, R2,
X', X2, X3, s and k in the above formulas 15(1-1) to (1-3), respectively. 8. The method according to
claim 6, wherein the compowadhod of using a compound including a cyclic

structure having one carbodiimide group whose First nitrogen
5 and second nitrogen are bonded together by a bond group as

an end-sealing agent for polymers having an acid group.

z2. The method according to claim 1, wherein the number
of atoms forming the cyclic structure is 8 to 50.

10
3. The method according to claim 1 which suppresses the

production of a free isocyanate compound .

4, The method according to claim 1, wherein the cyclic
15 structure is represented by the following formula (1) :
(j’“\ Q
Nz G (1)
wherein Q is a divalent to tetravalent bond group which is
selected from an aliphatic group, an alicyclic group, an

aromatic group or a combination of thege and may contain a

20 hetercatom or a substituent.

5. The method according to claim 4, wherein Qis adivalent
Lo tetravalent bond group represented by the following

formula (1~-1}, 1~ or (1~
1

b
= A

2) 3):
r&{om—x ‘>o—-—~Ar2-—
25 S (1-1)
~—-~R1—<o~—-x2—>o-—-R2--—
k

e NS e
X {1-3)



including a cyclic structure is a compound represented by the following formula (2-1-1): Aral

- 20N=C="---N(2-1-1) wherein Ara' andAra2are each independently an arylgne group having 5 to 15
carbon atoms which may be substituted, and Xal is an alkylene group having 1 to 20 carbqn atoms.
68 9.The method according to claim 6, wherein the con%—’ound including a cyclic structure is a

compound represgied b the folung.formula @alpla): G dghunern Raand e e each

independently a hydrogen atom or an alkyl group having 1 t0"20 carbon atoms, an [Xa is 2R alkylene
group having 1 t& 26%arEdE RiorA< It 0.5 herRBp deraccardingtto cl&nea rivherein tivescanypound

including a cycliistgueivre isia compewibapsgsented byiae fallowing formula,(3k (3) wherein Qbis a
tervalent bond group which is selected from 15 an aliphatic group, an alicyclic group, an aromatic

group or a combirtAtGR Ot tedelahd nidy Eohedis a'tretbRiata ok ensulsstiiuem, i Yiiswarcarrier
supporting the cyclie:stigicturec20 41 dhegngthoeaceording 10-£laim 10, wherein. Qb is.a fervalent

bond group repreaieiné?f((j: PXéh%J];%l!?I\JN iir_}%&%r%ulg (1::)’;31)2 63-C22lr0£é3;£3;2t0ms , a combination
thereof, or a combination of the aliphatic group, the

alicyclic group and a divalent to tetravalent aromatic group

having 5 to 15 carbon atoms, and may contain a heteroatem

10 or a substituent, X' and X° are each independently a divalent

Lo tetravalent aliphatic group having 1 to 20 carbon atoms,

a divalent to tetravalent alicyclic group having 3 to 20

carbonatoms,eadivalenttotetravalentaromaticgrouphaving

5tol5 carbon atoms, or a combination thereof, and may contain

15 a heteroatom or a substituent, g is an integer of 0 to 10,

k is an integer of 0 to 10, with the proviso that when s or

k is 2 or more, X' or X* as a recurring unit may differ from

another X* or X7, respectively, ¥’ is a divalent to tetravalent

aliphatic group having 1 to 20 carbon atoms, a divalent to

20 tetravalent alicyclic group having 3 to 20 carbon atoms, a

divalent to tetravalent aromatic group having 5 to 15 carbon

atoms, or a combination thereof, and may contain a heteroatom

or a substituent, with the proviso that when O is a divalent

bond group, Ar', Ar®, R', R?, X', X® and X° are all divalent

25 groups, when Q is a tervalent bond group, one of Ar‘, Ar?,

rRY, ®*, x%, x® and X°® is a tervalent group, and when Q is a

tetravalent bond group, one of Ar', Ar?, R', rR?, x!, X2 and

X3iseatetravalentgroup,cn:twooftjmmsaretervalentgroups.

30 6. The method according to claim 1, wherein the compound
including a cyclic structure is a compound represented by

the following formula (2):



\ Xb1 -0-Arb /s (3-1) 69 Xb2 /k (3-2) x,3(3-3) wherein Arbl, Arb2,RID2/ xbl, xb2, xb3, s and k are
identical to Arl, Ar2, RI, R2, xl, x2, x3, s and k in the above formulas 5(1-1) to (1-3), respectively, with
the proviso that one of them is a tervalent group. 12. Th6e7method according to claim 10, wherein Y is a

single

16

15

20

C Qa

wherein @, is a divalent bond group which is selected from
an aliphatic group, an alicyclic group, an aromatic group
Oor a combination of these and may contain a hetercatom or

a substituent.
7. The method according to claim 6, wherein Q. 18 a
divalent bond group represented by the following formula

(2-1), (2-2) or (2-3):

—Ary T O—X, "+ 0—pr 2

s (2-1)
~———~Ra1‘(o«—xf}o-—-—Rf-——
K (2-2)
3-7-——
Xa (2-3)

: i 2 i 2 1
wherein Ary™, Ars”, Ri', Ry%, X.', X.%, X.°, g and k are identical

; 1 2 i 2 3 .
to Ar®, Ar®, R', R*, X', X*, ¥*, 8 and k in the above formulas

(1-1) to (1-3}, regpectively.

8. The method according to claim 6, wherein the compound
including a cyclic structure is a compound represented by

the following formula (2-1-1):

O—X,'—0
/TN )

Ara1 Ary

N /

N=C==N (2-1-1)
wherein Ar.' and Ar.? are each independently an arylene group
having 5 to 15 carbon atoms which may be substituted, and

1 o
X:" 1s an alkylene group having 1 to 20 carbon atoms.



bond, a double bond, an atom, an atom group or a polymer. 10 13. The method according to claim 1,
wherein the compound including a cyclic structure is a compound represented by the following formula
(4): Z1 Z2 Qc N=-Cr-N (4) 15 wherein Q, is a tetravalent bond group which is selected from an
aliphatic group, an alicyclic group, an aromatic group of & combination of these and may contain a
heteroatom or a substituent, and Z1 and Z2 are each a carrier supporting the cyclic structure. 20 14.
The method according to claim 13, wherein Q, is a tetravalent bond group represented by the following
formula (4-1), (42) or (43)E MR G274y k@B}aim 6, wherein the compound
including a cyclic structure is a compound represented by

the following formula (2-1-ia) :

O—X, "0

TR
NP /N

5 Nz==Cm===N (2-1-1a)

Rq

wherein R" and R" are each independently a hydrogen atem or
an alkyl group having 1 to 20 carbon atoms, and X:' is an

alkylene group having 1 to 20 carbon atoms.

10 10. The method according to claim 1, wherein the compound
including a cyclic structure is a compound represented by

the following formula (3):

Y
<:MMM\ QH)MM
N==:C—=N (3)
wherein Q, is a tervalent bond group which is selected from
15 an aliphatic group, an alicyclic group, an aromatic group
or a combination of thegse and may contain a hetercatom or

a substituent, and Y is a carrier supporting the cyclic

structure.

20 11. The method according to claim 10, wherein Q, is a
tervalent bond group represented by the following formula

(3-1}), (3-2} or

(3-3)
Ary' OmXb1}O_~Arb2"“
s (3-1)



wherein Arc , Ar02, R01, R02, xci, 3c,2, x03, s and k are identical to Arl, Ar2, R2_, R2, 3(2, )c2, )(3, s
and k in the above formulas 5(1-1) to (1-3), respectively, with the proviso that one of them is a
tetravalent group, or two of them are tervalent groups. _15. The method according to calm 13,
wherein Z1 and Z2 are 10 each independently a single Bgnd a double bond, an atom, an atom group
or a polymer. 16. The method accordrng tp claim 13, wherein the compound including a cyclic

structure is a compound represe foII%/ rmu (4-1-1): (4-1-1) wherein X,' is an
alkanetetrayl group having 1 to 20 carboth a oms andl r . Ar02 Ar03 and Ar04 are each
independently an  arylene group having 5to 15 carbin atoms WhICh may bf 20 substituted. 17.The
method according to claim 13, wherein the compound including a cyclic structure is a compound

represented by the following formula (4- 1mlc)bxb —
{3-3)

- 1
wherein Ar,', Ary®, »,, Ry?, X0, Xp®, X%, s and k are identical
1 2 1 2
Lo Ar’, Ar®, R, R*, X', ¥?, ¥*, s and k in the above formulas
5 (1-1) to {1-3), respectively, with the proviso that one of

them is a tervalent group.

12. The method according to claim 10, whereirrY’iseasingle

bond, a double bond, an atom, an atom group or a polymer
i0

13. The method according to claim 1, wherein the compound

including a cyclic structure is a compound represented by

the following formula (4) .
Z1

N/

G

——=C==N (4)

15 wherein Q. is a tetravalent bond group which isg selected from
an aliphatic group, an alicyclic group, an aromatic group
Or a combination of these and may contain a heterocatom or

a4 substituent, and 2" and z° are each a carrier supporting
the cyclic structure.

20
14. The method according to olaim 13, wherein Q. is a

tetravalent bond group represented by the following formula
(4-1}, (4-2) or (4-3)

——Ar, { 0—X, }o—-——Ar e

{4-1)



001 OO\(Rg NTh-LIRr I

10

15

20

25

70

——R, "~ O——X 2O ——R_2—
k (4-2)

5
Xe (4-3)

wherein Ar.', Ar.?, R, RS, X!, X.2, X.®, s and k are identical

to Ar', ar?, RY, R?, %', X%, ¥°, = and k in the above formulas
(1-1) to (1~3), respectively, with the proviso that one of
them is a tetravalent group, or two of them are tervalent

groups.

15. The method according to calm 13, wherein Z* and 7% are
each independently a single bond, a double bond, an atom,

an atom group or a polymer.

16. The method according to claim 13, wherein the compound
including a cyclic structure is a compound represented by

the following formula (4-1-1):

N—=C=——N
3/ \ 4
Arc \ /Arc
O O
(/
X
NG
//O O
/\rc1 l\rcz
N—=C==N (4-1-1)

wherein X.' is an alkanetetrayl group having 1 to 20 carbon
atoms, and Ar.’, Ar.?, Ar.’ and Ar.? are each independently an
arylene group having 5 to 15 carbon atoms which may be

subgstituted.

17. The method according to claim 13, wherein the compound
including a cyclic structure is a compound represented by

the following formula (4-1-1c¢):



N=C=N(4-1-1c) wherein Xcl is an alkanetetrayl group having 1 to 20 carbon atoms, and R", R's, Rs
and Rt are each independently a hydrogen atom or an alkyl group having. 1 to 20 carbon atoms. 5
18.The method according to claim 1, wherein the polym]er is at least one selected from the group
consisting of a polyester, a polyamide and a polyimide. 10 19.The method according to claim 1,
wherein the polymer is polylactic acid. 20. A pethed.of,suppressing the production of an free
isocyanate compound when the acid grgapr?f a polymer i%:hﬂg 15 an acid group is sealed by adding a
compound having a carbodiimide groffp, whergin a[compoufid including a cyclic structure having
one carbodiimide group whose fisthitrogen ghd secon \Qitrog'”é"_aﬁe bonded together by a bond

group is used as the carbodiimide 20 nd. 21. Th d according to claim 20, wherein the
polymer having an acid group and the compd@m\i including a cyclic structure are melt kneaded
together for 0.1minute to 2 hours. /Xf
G \\O
r//éyi \<f§§w
e ] [ e
L\\j>< /iwffJ
N==C==N (4-1-1c)

wherein X.' is an alkanetetrayl group having 1 to 20 carbon
atoms, and RY, R*, R® and R are each independently a hydrogen

atom or an alkyl group having 1 to 20 carbon atoms.

5
18. The method according to claim 1, wherein the polymer
is at least one selected from the group consisting of a
polyester, a polyamide and a polyimide.

10 19. The method according to claim 1, wherein the polymer

is polylactic acid.

20. A method of suppressing the production of an free
isocyanate compound when the acid group of a polymer having
15 an acid group is sealed by adding a compound having a
carbeodiimide group, wherein
a compound including a c¢yclic structure having one
carbodiimide group whose first nitrogen.andAsecomd.nitrogen
are bonded together by a bond group is used as the carbodiimide

20  compound.

21. The method according to claim 20, wherein the polymer
having an acid group and the compound including a cyclic

structure are melt kneaded together for 0.1 minute to 2 hours.



