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Dl,,ﬂm nour ea Corrpound and Process for Production . %@‘m a@'
~ Hi.gh Heat Resistant Pol yurefhaneurea and- 5 Process for
v Production Thereof ~ TECHNI @A FI ELD resent
i nvention relates to a novel diani nourea conpound usefUl as a

chal n extender of a shaped article for exanple, elastic fiber and

film of a high heat 10 resisP@ﬁFR§§ﬂ§G$bthaneurea and a high

mol ecul ar wei ght - providing additive or a curing agent of an epoxy

resin, and a proces for t oduction qf d furth
relates to a poI?&P@%ﬁ&H&ﬁﬁe gora%idn €§F3Pe2°§i§ﬁg S urn 3L|ch

the novel diam nwnéeao@omnmmig}snmﬂmsmtant Polyurethaneurea and
5 Process for Production Thereof.
TECHNICAL FIELD
The present invention relates to a novel diaminocurea
compound useful as a chain extender of a shaéed article
{for example, elastic fiber and £ilm) of a high heat
10 resistant polyurethaneurea and a high molecular weight-
providing additive or a curing agent of an epoxy resin,
and a process for the production of the same and further
(f; relates to a polyurethaneurea superior in heat resistance
' in which the nowel diaminourea compound is used as a
-:15 chain exteﬁder and a process for the production of the
. same and to a process for production of a
" polyurethaneurea superior in heat resistance in which the
+ % diaminourea compound is used as a high molecular weight-
. providing additive.
20 BACKGROUND ART
' Organic diamines are generally used for chain
extenders of polyurethaneurea, intermediate materials for
resins, curing agents for the manufacture of epoxy
"resins, etc., but there has been no example of a diamine
25 : having active hydrogen at the two ends thereof and having
" | a structure including two or more urea groups. The
diaminourea compound of the present invention is a novel
+ substance not yet disclosed in any reference and is
- structnred with two urea groups in a molecule, as
30 expressed by chemical formula (I), and amino groups at
- its two ends. When trying to synthesize this compound,
the method in which one end of the diamine compound is
reacted with the two ends of the diisocyanate compound to
form a diaminourea compound, while urea groups are
35 formed, may be considered. -However, in a method where a
diisocyanate compound is added dropwise little by little
« into an excess of diamine compound, the active amino
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15 qpéin extender and a process for the production of the sane
and%-0 a pracess for production of a pol yur et haneur ea superior in
heat resistance in which the di am neurea compound is used as a high

nol ecul ar wei ght - provi ding additive. 20 BACKGROUND
ART Organic diamnes are generally used for chain

extenders of gobypsechatber sgactiony peddacs meacti sishf ghe unreacted esijns,

curing agents;fgE Bhﬁt@g%% e RlceR@Xhigh lech8 e ight: an!t
t here has beeﬁ noyéxanpl ,of%E ﬁianine lgégr ﬁgvfﬁg activé hydfbgen at

the two ends LhePesPmEsd ddfilcyglt to remove dheEamee 3@ TP or nore
urea groups. thBeefore, up t@d &BW)Ohea @and palogeit iRiseamid thwvention
is a nove% . subst ance oﬁégﬂ isclosed in any reference and is

_ structured WFEAYIRSSS V§?558% 0, KS¥Eul e, as 30 expressed by
chenmical. fornula (IIp gemérad n@eadymnethaneurea is abttst.mﬁd dryd saudfiony
trying to Sy”%“%%'a%:&i‘o@;' DEWPURLss mod.'ar nt”%@‘&li{#d“@x LU Ed of
t he di amine conpound s reacted with the two ends df the

di i socyanate ésnpE@aqicodiol to sydhasizg AR daher@eddATSuRPLIYMET e urea

groups are  itBd isiyiBfhtd RkdihsS GRS IR Ao driAEL\RId thierd ARt Where
a di { socyanate conpaund,.i s .added dr

- into ahf%%xc&PETSEy R HAPring, &5, & ;%Q’gii’?rﬁl#énldeerb4‘l tete
increase the molecular weight. Since an excess molax
amount of the diisocyanate compound is reacted with the

~ organic diol, the intermediate polymer (that having
Gﬁ isocyanate groups at two ends thereof, which is called

15 *prepolymer* hereinbelow) is comprised of an organic diol
connected by the diisocyanate compound and unreacted
diisocyanate compound. By &dding an organic diamine
there and causing a reaction between the amino groups and
isocyanate groups, hard segments with urea groups are

20 formed. The hard segments 'in the polymer form a hard
domain by intermolecular hydregen bonding of the urea
groups. This becomes a cross-linking point for the
polymer as a whole and has a major effect on the heat
resistance of the polyurethaneurea.

25 At this time, the siz& of the hard segments has a
distribution due to the présence of the unreacted
diisocyanate compound. The minimum unit of the hard
segments is formed when the prepolymer is directly
connected with the added diamine compound, without being

30 taken out by the unreacted diisocyanate compound. The
structure thereof is that two molecules of the
diisocyanate compound are ccnnected,with one molecule of
a diamine compound (where the two molecules of the
diisocyanate compound are the diisocyanate compound at

35 the ends of the prepolymer). At this time, there are two
urea groups in the structure of the minimum construction
unit of the hard segment (i.e., "U2 hard" hereinbelow).
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-2-. fgroups of the reaction product react with the unreacted

i socyanate groups to becone higher nol ecul ar weight and It becones
difficult to renove the sanme as a nonensr - Therefore, up to now,
t he physical properties and the 5 useful ness have not been known.

| p~gener al Iyurethaneurea i s obtained by causing _a reaction of
ahi excess rrE'g& Aaxgle donsddfartdan Wit next to UZhagidyds dhftel to

synt hesi ze %Bth&hw AR Al fH%j the prep olyméﬂwﬁﬁpwmw&%% at the
two ends and th ret,o an"organi c diamine as a chain

n
ext ender to°%f the %la‘%?@ré’%@qq{@ﬁr&aé’&ﬂgap%lwwéen &P excess nol ar
anmount of tﬂat@xmmw&mﬁmwdumdm Wdnpduil connected Or gani c

diol, t I%e | %% t%;[eeexp Olex”i?éh (ﬁahsata hsa'l-yl qu:ure of three molecules of

. the diisocyanated campound connected with two molecules
of the diamine compound. At this time, there are four
urea groups in the hard segment (i.e., "U4 hard"
hereinbelow). 8imilarly, there are hard segments with

10 successively highér molecular weights (i.e., "U6 hard",
"U7 hard" ... hereinbelow). In the coventional
production method of polyurethaneurea, the minimum
constitution unit of U2 hard occupies the major part of
the total hard segments.

15 In order to improve the heat resistance of the
polyurethaneurea, it is considered to introduce a greater
number of urea groups in thé hard segments and raise the
hydrogen bonding force between molecules by making the
average molecular weight of the hard segments higher.

20 That is, the ratio of .the U2 hard having a weaker
intermolecule hydrogen bond force is made smaller and the
ratios of the U4 hard, U6 hard ... having a relatively
high hydrogen bond force is made largér.. More
specifically, a diisocyanate compound is further added to

25 the intermediate polymer and the chain is extended by a
diamine compound in an equivalent amount to the
isocyanate group. In this case, however, relatively high
molecular weight hard segments such as U6 hard,

U8 hard ... are also formed. When thé hard segments are

30 made high molecnlar weight in such a way, since the
solubility of U6 hard, U8 hard in a solvent is low, the
viscosity stability of the polymer stock solution over
time becomes poorer, when the hard segments form haxd
domains, and, in the worst case, gelation occurs. That

35 is, there were limits to the control of the molecular
weight of the hard segments with such a method.

In this way, with regards to the control of the
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i socyanate groups at two ends thereof, which is called 15
"prepol yner" hereinbelow) is conprised of an organic diol

connected by the did socyanate conpound and unreacted di i socyanat e
conpound. By adding an organic diamne _ 4 _ there and causing a
reaction between the am no groups and | socyanat e groups, hard
segnents with urea groups are 20 formed. The hard segnents in the

pol ymer form adiz@xohlar weight dofraile haxditseygmedmeyl ahinhdihegen enibng of

the urea r ' 9r$§ Ss. L nkj it for the
pol yner, as a \ﬁ?cﬁegtgnc%yﬁglse -alimrfa;[]' glre&elf ecr?lc ggnlp(%%eé%le%g o Hﬁ.{é‘ __resistance
of the pol yur @Hanuigtdianeurea xplymer, App thiti) inpw thee Gisteeidtutirnhard

segments has @&f the moledhiBdf ibeidion whie 4t thitePrastss riq | heppy eact ed
dii socy%ate cﬁg{%ound. The ni num uni f of the hard segpents is

formed when t AR Mo iaersiaht has been, pantrailgd (Ridcntmed
di am ne conpowsicchim taolimbeédigrange. 30 taken out by the unreacted

di i socyanat e conpound._ The. structu her.eof is that,two

nol ecul es of the 4sa cga]d’i‘i%’é%?/%%%’feoéoa %ﬁﬂ}-&ae&ehac%en%%? PR one

nol ecul e of use has heehantde ebnpompotidhimeluding o wotecgrespof the

di i socyanate corpound 86 erideas PER" Cofi SR Wedbrding £ chie ends of

the prepolyner). At this time, there are t a groups in the
structurl® of tRPEE$ERT nimyeshieRuctApnan example, there has been

disclosed a process for production of a heat resistant
polyurethansurea elastomer using the following
formula (VI}:

H,N NH,
)@@ -

R,-Ry R;-R,

wherein R;, R,, R;, and R, each independently represent

20 hydrogen or a C; to C; alkyl group, and the amino group
in the formmla is at the meta position and/or para
position with respect to the urea (Japanese Unexamined
Patent Publication {Kokai) No. 1-110520). The
diaminodiphenylurea compound having the above

25 formula (Vi), however, has a low solubility in a solvent
at room temperature, so when using this compound as a
chain extender during the production of a polymer, a
homogeneous polymerization reaction cannot be expected.

. Further, in the case of the above-mentioned

30 diaminodiphenylurea compound, there is one urea group in
the structure of the molecule and therefore the heat
resistance cannot be said to be fully sufficient.

As a compound resembling the compound of the present

invention, there is the compound having the

35 formula (VII): .




unit of the hard segnent (i.e., "U2 hard" hereinbel ow):

-3- ' The next large constitution unit next to U2 hard is that

obt ai ned by connecting the prepol yner w th-two nol ecul es of the

di am ne conpounds havi ng one nol ecul e of an i nternedi ate unreacted
di jrsocyanat e conpound connected t her ebet ween, which has a
structure of three nol ules of H t he diisocyanated conpound
connected with tmo nDIe u f the diam ne conpound At this
time, there are fHel¥- ‘N‘, '@Dﬂ “FHzthe hard sed¥ddt) (i.e., "W4
har d" her ei fibel owy< Si m Y, here are hard segnents with

10 successively hlgh nol ecul ar wei ghts¥(i.e., "U6 hard", " U7

hard" ... hereinb coventlonal uctlon nethod of
pol yur et haneur ea, %Ork#otub‘% Shown 2g, an tlﬁ‘ttegﬁ‘ ﬁ‘at% <sf 2 hard

occupi es thngpp@esgaﬂpegamlned,Patent Publication (Kokai)

No. 3-27351, in the production of
methylenediphenylenediisocyanate and

10 polymethylenepolyphenylenepoly(isocyanate), but since the
two ends are not amino groups, but are urea groups, the.
reactivity is low and so this is not suitable to use as a
chain extender, additive for imparting high molecular

. weight, curing agents, etc.

6?) 15 As another method for improving the heat resistance,
attempts have been made in the past to make the
polyurethaneurea higher in molecular weight. When just
using a high viscosity stock solution increased in
molecular weight during the production of a polymer

20 (polymerization), the pressure in the pipes increases
during the feeding of the solution to the molding
process, the spinning stringiness becomes lower, the yarn
often breaks in the spinning chimney, and other problems
occur. As a method of solving these problems, the method

25 of spinning a polymer stock solution obtained by a
polymerization reaction of an intermediate polymer with
an isocyanate end and an excess amount of a bifunctional
and monofunctional compound having active hydrogen and
the method of after-treatment of the yarn by heat to

30 increase the molecular weight have beén prgposed

’ (Japanese Examined Patent Publication (Kokoku)

No. 40-3717, Japanese Examined Patent Publication
(Kokoku) No.47-13789, Japanese Unexamined Patent
Publication (Kokai) No. 60-14623, and Japanese Unexamined

35 Patent Publication (Kokai) No. 60-173117). Even in these
arts, however, as described on page 3 in Japanese
Unexamined Patent Publication (Kokai) No. 1-170648, the
viscosity of the polymer stock solution increase over

-
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the total hard segnents. 15 In order to inprove the heat

resi stance of the : pol yuret haneurea, it is considered to introduce
a greater nunber of urea groups in the hard segnents and raise

t he hydr ogen bondi ng force belﬁgen nol ecul es by naking the

aver age nol ecul ar wei ght of the hard segnents higher. 20 That is, the
ratio of the U2 hard having a weaker I nt er nol ecul e hydrogen bond

force is ”ad%n§&9',¢rtﬁ@dg£@§a%e cank orrﬁééﬁz%ég?éfﬁhémhﬁ@%é U6 hard ...

having a rel ativel g orce is made | arger.
Nor e %Rki£¢¥ca§¢y5t@b8?|§6€ wRkIen coRp e 1813 Er t her added to

(215 the Inter«ﬂ%&@é@r@plaﬂeatlaaﬂpthﬁashae@crﬁb@dt@ﬂd@didbxygaand mixing

i am ne conpou i val ent . amount to ana e group.
In this case?® EBW%¢E$fe?g$3 i YefghE; gRmpound (as ﬁn?%%ﬁfﬁfcmgyéﬁfa ard
segnent § suchexsanplbe hathe reaction pthhatdbetweaneoaesmoleraﬁd4 Whien t he
har d segnent s, ar.e

made _hi gh e a such a way, since
t he d%ﬁﬁ %X}m?éﬁa?eE%lﬁgfg?n%gehgﬁé Eﬁggﬁgg ven is low, the
viscosity stabialkylakinke pbRgmés,stbekceowpagundnhaveng the tinme

becomes poor e, rMGFQ [herhged sewIgRkbinbILREAILE, 1- dorai ns, and, in

t he worst case, atiron o s, there were linmts to
the control oPh?ﬁﬁlﬁﬁﬁébﬂﬁdﬁlethyl)*ureﬂél§ﬁtP€FYPH§théP8u§€@n€%¥% with

such a ngfhodperforming heat treatment to convert to a high molecular
weight (Japanese Unexamined Patent Publication (Kokai)
No. 59-129257 and Japanese Unexamined Patent Publication
{Kokai) No. 1-170648)

CZHS C2H5
>N—C—N@ -QN—-C N/ (VIII)
CqHs Csz

However, a polyurethaneurea shaped article made by

the known art using a compound having the formula (VIII)
20 was unsatisfactory in the following points:

(1) The effect of improvement of the elastic
functions and heat resistance is still insufficient.

{2) The knot strength is low.

(3) During spinning, the yarn often breaks inside

25 the spinning chimney (stringiness of spinning stock
solution is low).

Furthermore, the aromatic diurea compound having the
chemical formula (VIII) of the known .art, unlike with the
following formula (I) of the present invention, does not

30 have active hydrogen groups at the two end groups and is
low in chemical activity. Therefore, these are not
suitable as a chain extender of polyurethaneurea,
additives for high polymerization, curing agents for
epoxy resins, etc.

35 DISCLOSURE OF INVENTION

Accoxrdingly, the objects of the present invention is

to provide a novel diaminourea compound including active




In thi's way, with regards to the control of the

-4- - nol ecul ar wei ght of the hard segnents which has a nmgjor

effect on the heat resistant properties of _the pol yur et haneur ea

pol ynmer, up until now the distribution ~ 7 5f the nol ecul ar wei ght has not
been controlled. Only 5

t he average nol ecul ar meight has been controlled

b0l yur et haneur SkiReRsfopt T k8" W80 8Ae apd tuo e85 TafdREE EREENTTR0 7
urea group cha;snnekaentisrt lﬁ@rdm@lnb@ﬁéareampbandeape yuraghageureal o

Fresent Inventéﬂ€ anAﬁda§t§¥@nEb§’1h@ﬁ&%lﬁ§sabﬁ§§h moleéhiﬁkoﬁéﬁgﬁtprocess
or production heat resi stant ur et Naneur ea el ast onmér usi ng
the foll owi ng Other objects of the present invention are to
5 produce the above-mentioned diaminourea compound in a
high purity and high yield and to produce a high heat
resistance polyurethaneurea using the same.
In accordance with the present invention, there is
provided a diaminourea compound expressed by the
10 formula (I): |

HEH HH
H,N-R,-NCN-R,~NCN-R,~NH, (1)
0 o
15 wherein R; and R, are independently a straight chain or

branched alkylene group having 2 to 8 carbon atoms, an
alicyclic alkylene group haGing 6 to 15 carbon atoms, a
phenylene group, a C,-C; alkyl-substituted phenylene
group, a C;-C; mono- or di-alkylene substituted phenylene
20 group, or a methanediphenylene group.

In accordance with the present invention, there is
also provided a process for the production of a
diaminourea compound expressed by chemical formula {I)

characterized in that a diurea compound expressed by the
25 formula (II):

H H
R3-NCN-R5~-NCN-R, . (II)
R, © 0 R,
30 wherein, R;, R;, Rs, and R; independently represent a

straight or branched alkyl groups having 1 to 4 carbon
atoms, Rs; represents a straight or branched alkylene
group having 2 to 8 carbon atoms, an alicyclic alkylene
group having 6 to 15 carbon atoms, a phenylene group, a
35 C,-C, alkyl-substituted phenylene group, a C;~C, mono- oxr
di-alkylene substituted phenylene group, or a

methanediphenylene group and a diamine compound having




formila (V): [err] (M) wher ei n
Rlerr],-Rerr], Rerr], and Rlerr] each independently represent 20
hydrogen or a Cferr] to Cferr] alkyl groupg and the am no group in
the formula is at the neta position and/or para position with respect
to the urea (Japanese Unexam ned Pat ent Publication (Kokai) No.
1-110520) . Thethe forfibadl Radirphenyl urea conpound having the above 25

formula (VI), however asa low solubility i-n-a sol ve at room
t enperature, so whe ﬂﬁ?&ﬁéﬁﬁhis conpound as a chgﬁﬁlaxtender during

t he producti onwhéreipoRyneeprasents ahstoaegRoOuSr pPoLynehedabilkplenaction
cannot be expected.

. Further, in.the _case of the .above-nmentioned 30
dianinodiphenypﬁng 88%68@h§,EﬁhérgaF?°8n8%ﬁFEa 6?05§ﬁ9¥eilc 4; ene
structure of tbzompl dewimaarkd tichdiSefcardorhatiosws, a phendsing grrmparmot be

said to be ful by_guidigffMubstituted phenylene group, a C,~C, mono- or
di-alkylene substituted phenylene group, or a
methanediphenylene group are allowed to react.
In accordance with the present invention, there is
10 further provided a process for production of a
diaminourea compound having formula (I) characterized in

that a diurethane compound expressed by the following
chemical formula (IV):

H H

|

Rg—OCN"‘Rlo"NCO"Rll ( IV )
O O -

wherein R, and R,; independently represent a straight ox
branched alkyl group having 1 to 4 carbon atoms,

20 cyclohexyl group, phenylene group, or straight or
branched C;-C, alkyl-substituted phenyl group, R
represents a straight oxr branched alkylene group having 2
to 8 carbon atoms, an alicyclic alkylene group having 6
to 15 carbon atoms, a phenylene group, a C;-C, alkyl-

25 substituted phenylene group, a C;-C, mono- oxr di-alkylene
substituted phenylene group, or a methanediphenylene
group and a diamine compound having the formula (V)

H,N-Rg—NH, . (V)
wherein Ry represents a straight or branched alkylene

30 group having 2 to 8 carbon atoms, an alicyclic alkylene
group having 6 to 15 carbon atoms, a phenylene group, a
C,-C, alkyl-substituted phenylene group, a C,-C, mono- or
di-alkylene substituted phenylene group, or a
methanediphenylene group are allowed to react.

35 In accordance with the present invention, there is
further provided a process for production of a
polyvurethaneurea comprised by allowing an excess molar



As a 'conpound resenﬁ]ihg t he conpound of the present I nvention, there
IS the conpound having the- 35 formula (VI1):

-5- [err] (M1) =93 - This conpound is
shomn as an internediate, in Japanese Unexami ned Pat ent
Rl i cation 351, in thetﬂ{oduction of
a polymer

Ko
hylened|Bﬁ@ﬁ?leﬁ&ﬁqggﬁﬂﬁﬁuﬂkiéﬂﬁyanate to react wi

diol having a number average molecular weight of 500
to 100,000 to synthesize an intermediate polymer having
an isocyanate group at its ends, then allowing the
5 intermediate polymer to react with a bifunctional diamine
compound, wherein the diaminourea compound expressed by
the formula (I) is used as a part or all of the said
bifunctional diamine compound.
In accordance with the present invention, there is
10 further provided a process for production of a
polyurethaneurea by heat treatment of a compound
obtaining by adding, in an amount satisfying the
o~ following equation, a diaminourea compound expressed by
) ‘the formula (I) to a polyurethaneurea obtained by
15 allowing a .reaction of an excess molar amount of an
organic diisocyanate with a polymer diol having a number
average molecular weight o£7500 to 100,000 to synthesize
an intermediate polymer having an isocyanate group at its
ends, then allowing the intermediate polymer to xreact

20 with a bifunctional diamine compound and monofunctional
amine compound.

0.005<A/B<3
‘whérein A is the molar amount added of the diaminourea
compound expressed by the formula (I) and B is the molar
25 amount of the monofunctional amine used for the
production of.the polyurethaneurea polymer.
In accordance with the present invention, there is
further provided a polyurethaneurea wherein, when
- producing a polyurethaneurea by allowiﬁg a reaction of an
30 excess molar amount of an organic diisocyanate with a .
polymer diol having a number average molecular weight of
500 to 100,000 to synthesize an intermediate polymer
havind an isocyanate group at its ends, then allowing a
reaction of a bifunctional diamine compound with the
35 intermediate polymer, the ratio of area of the peak
corresponding to the hard segment having four urea
groups, analyzed by the method set forth in the
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10 pol ynet hyl enepol yphenyl enepol y(i socyanate), but since the

-two ends are not "am no groups, but are urea groups, the

réactivity is low and so this is not sul@able to use as a

chain extender, additive for inparting high nolecul ar wei ght,

Aring agents, etc. . anot her net hod for inpraving, the heat

#8i stance, SPeCLtflcatlon' é’tutte%t §?‘ﬁa e SR IPEHE S rﬁoﬁ‘&%pééf? make t he
pol yur et hanbifeactiighal idiaminec domponmidglils athdeasttsé0 percent of  using
a high viscogitygt,gck solution increased in nmol ecul ar wei ght
during the production of a polyner 20 (polynerization), the
pressure in the FRIES DFSCRIPFION OF THE DRAWIFGS ng the feeding of the
solutiog to the 'T@l'ed'ﬂigas_ent invention RiAGC%He éﬂﬁaﬁﬂe@mi&‘ﬁ dddding! ness
becones | ower, thefyarn often breaks ,in the spinning chi mey,
and ot'her pWéihefeference to the gocamPanying SHtings sheraidist hese

problems, the netigfhire 1 is the?GinfHareii MYstrptienl ctahlclosalig i on

obtai ned by a & (AYs pol yneri zation reaction of an internedi ate
pol ynmer wi t ffOMPORNG (A); 55 i socyanate end and an excess amount of a
bi f uncti onal Figure 2 isarthenumdfmmuid crizdoxparipou spdarshruny it ttthee

hydr og and, . the nmethod of after-treatnent of the yarn by
heat tg% ompoux.x& (]i)nfcreaseit he nol ecul ar wei ght have been proposed
(Japanese Exani n&d%at®rits fihs i HalMBnSprekskm) of the compoundngl)z0- 3717,

Japanese Exam nedriRat enti Puid o isPfectrum of ‘the compound (1);
_ Fig. 5 is the infrared absorption spectrum of the
@3} compound (2);
15 Fig. 6 is the infrared absorption spectrum of the
compound ({3);
, ‘Fig. 7 is the infrared*absorption spectrum of the
compound (B);
Fig. 8 is the infrared absorption spectrum of the
20 compound (1) obtained in Example 4;
Fig. 9 is the infrared absorption spectrum of the
compound (C);
Fig. 10 is the infrared absorption spectrum of the
compound (D);
25 Fig. 11 is the infrared absorption spectrum of the
compound (E).
Fig. 12 is the infrared absorption spectrum of the
compound (F}). .
Fig. 13 is the infrared absorpticn spectrum of the
30 compound (G). ' _
Fig. 14 is the infrared adsorption spectrum of the
compound (4);
Fig. 15 is the infrared ébsorptioh spectrum of the
compound (5); -
35 Fig. 16 is the infrared absorption spectrum of the
compound (6);

Fig. 17 is the infrared absbrption spectrum.of the

- -
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(Kokoku) No. 47-13789, Japanese Unexam ned Patent ' Publ i cation

(Kokai) No. 60-14623, and Japanese Unexani ned 35 Patent
Publication (Kokai) No. 60-173117). £véh +n these arts,
however, as described on page 3 in Japanese Unexam ned Pat ent
Py IlcatlonE%Kokal) . 1-170648, the viscosity of the _
poliynmer sto moRd drf kncrease over '

- 6- tine iwide 138 aAgthd anE irdeetbgifas & Gpatissmm of stiebility,
so stable producthp Wﬁf difficult. Therefore, an attenpt was descri bed
of addi ng and 1 ﬁ:X|ng a | ow nol ecul ar wei ght conpound (as a specific

typical 5 exanF@ig. t}k isdde am#:rmcbta}:hmmwmmpenﬁmfoil the
d|pheny@netQﬁﬂﬁghhﬁpcmppate and two nol es of

Fig. 20 is the infrared absorption spectrum of the
compound (10).

Fig. 21 is the infrared absorption spectrum of the
compound {11).

10 Fig. 22 is the infrared absorption spectrum of the
compound (12);

Fig. 23 is the infrared absorption spectrum of the
compound (13);

Fig. 24 is a view showing the relationship of the
15 ratio of mixture of the compound (1) and thé seconds of
heat breakage of film;

Fig. 25 is a view showing the relationship of the
ratio of mixture of the compound (1) and the tension
after heat treatment of the f£ilm; |

20 Fig. 26 is a hard segment liqﬁid chromatogram of the
polymer synthesizeéd in Example 6;

Fig. 27 is a hard segment liguid chromatogram of the
polymer synthesized in Example 7;

Fig. 28 is a hard segment liquid chromatogram of the

25 polymer synthesized in Example 8;

Fig. 29 is a hard segment liquid chromatogram of the
polymer synthesized in Example 9;

Fig. 30 is a hard segment liquid chromatogram of the
polymer synthesized in Comparative Exémple 1.

30 Fig. 31 is a hard segment liguid chromatogram of the
polymer synthesized in Comparative Example 2;

Fig. 32 is a hard segment liguid chromatogram of the
polymer synthesized in Comparative Example 3;

Fig. 33 is a hard segment liquid chromatogram of the
35 polymer synthesized in Comparative Example 4;

Fig. 34 is a hard segment liquid chromatogram of the
polymer synthesized in Comparative Example 5; '
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dialk?lanine, that is, the conpound having the formula (M11):

- Ny N- (et hyl enedi - 4, 1- phenyl ene) bi s(di ethyl)-urea) to polyurethaneurea
~and" 10 performnming heat treatnent to cohdert to a high nol ecul ar

wei ght (Japanese Unexam ned Pat ent Publication (Kokai) No. 59-129257

dJ U Rat ent_ Publ i.cat 0648
By rese RGO R AR et e PO S % WG by

the known apealksianpaa wonipoi iy FVBh@Erideiorsadandd/idf )het hwsakage
unsatisfactQry 4 q_.he fol |l ow ng points: (1) The effect of

| mpr ovenent of fhe ‘el astic functions and heat resistance is stil

i nsufficient. Fig. 36 (iy Ffeiemctharingqh the [xplationship of stheuyring

spi nni ng, t'i:‘éa)l@rdi:é}f e U €9k Sof NS2 dend Sthd Neeridl dii 1B &N HEWY

(strlnglnes%’ i nnin t oc solution is | ow).
rea ent of’ the film;

Fig. 37 is a hard segment llquld chromatogram of
Lycra;
Fig. 38 is a hard segment liquid chromatogram of
10 0pelon~ and '
Fig. 39 is a hard segment liquid chromatogram of
fiber of Example 6 according to the present invention.
BEST MODE FCR CARRYING .OUT THE INVENTION
- The present inventors engaged in in-depth research
15 on a novel chain extender for obtaining a high heat
resistance polyurethaneurea and as a result discovered a
novel diaminourea compound Having highly reactive active
hydrogen at the two end groups, thus completing at the
present invention. :
20 The typical examples Gf the diaminourea compounds
according to the present invention are as follows:
Compound (1): N,N’-{methylenedi-4,1-
phenylene)bis(2-(ethylamino)-urea)

H
1
Hzn-cnzcnz—n-%~n.-cnz@w-ﬁ-n—cxizcaz-mz (IX)
0 0

Compound {2): N,N’- (methylenediié ,1-
30 phenylene)bis(2-(2-methylethylamino)-urea)

25

m ok L
HZN-CI-ICHZ«-N-%-N CHz-@N-ﬁ-N-CHzCH-an {X)
o :
35 .
Compound (3): N,N’-(methylenedi-4,1-
phenylenefbis(64(hexylamino)—urea)




Furthernmore, the arormatic diurea conpound havi ng the chem cal fornula

(M11) of the known art, unlike with the followng formula (1) of the
present invention, does not 30 have actjve hydrogen groups at the two
end groups and is | ow i n chemical” ivity. Therefore, these are not
suitable as a chain extender of pol yurethaneurea, additives for high
pol yneri zati on, curing agentﬁ fOﬁ epoxy resin etc. 35

Dl SCLOSURE OF | NVENTI ON ord|

it he 1obj ects of the present
invention is Hx’b‘(&fb\)s'd%‘i 3% &Fhds TG ddillg active
WO

-7- hydrogen at its and na ur groups useful as a
chai n extender for high heat resistance pol yurethaneurea

5 The diamineurea compound having the formula (I)
according to the present invention can be produced by the
reaction between the diurea compound having the above-
mentioned formula (II) or the diurethane compound having
the above-mentioned formula (IV) and the diamine compound

10 having the above-mentioned formula (III}.

The diurea compound having the above-~mentioned
formula (II) or the diurethane compound having the above-~
mentioned formula (IV) may be easily produced by causing
a reaction of two or more molar amounts of the

15 respectively corresponding lower amines or lower alcohols
or phenols with diisocyanates in the presence or absence :
of-an inert solvent such as tetrahydrofuran or toluene.

As examples of the diisocyanates, mention may be
made of 4,4’-diphenylmethane diisocyanate, tolylene

20 diisocyanate, 1,5-naphthalene diisocyanate, tridine
diisocyanate, hexamethylene diisocyanate, isophorone
diisocyanate, p-phenylene diisocyanate, transcyclohexane
1,4-diisocyanate, xylylene diisocyanate, hydrogenated
xylylene diisocyanate, hydrogenated methylenediphenyl

25 diisocyanate, tetramethylxylylene diisocyanate, etc.

As examples of the lower amines, mention may be made
of dimethylamine, diethylamine, methylethylamine,
methylisopropylamine, ethylpropylamine, diisopropylamine,
dibutylamine, and other low boiling point secondary amine

30 compounds, etc., preferably dimethylamine, diethylamine,
methylethylamine, and diisopropylamine.

As examples of the lower alcohols, mention may be
made of methyl alcohol, ethyl alcohol, propyl alcohol,
isopropyl alcochol, cyclohexanol, and other low boiling

35 point alcohols or, as phenols, phenol, methylphenol,
ethylphenol, butylphenol, and other straight chain ox
branched éy4h alkyl-substituted phenols, preferably



and 'an additive for inparting a high nol ecul ar weight. O her
objects of the present invention are to 5 produce the above-nenti oned

di am nourea conpound in a hi gh Jfuri ty and high yield and to produce
a hi gh heat resi stance pol yur et haneurea using the sane.

I d esen n on there is provi ded a
é?hﬁfﬁgLrSS&%Hﬁ%%uﬁL QgiesﬁééY%ygiﬁ ol;1and PRERALa (1): [err]
(1) 15 nmbeerampRBarof thd &jamiheatémpodapsndénthyg a strai ght

h angh a n ou ayin t arbon.atons, an
SI?LSCFTC é?%??% nggr%gpEﬂSVLEXLg—ﬁggﬁéoggab%ﬂrg?gﬁs?ISIS' %%ntl 6heny|ene
group, a (may]begwade afkpthylepeidiamddephdn@tprnepylenediamgneyp, a
Clerr] -4 ery 313@&9:-“195?9&, hiy! @n@-aﬂﬁﬁihbﬁaegnehegybene 20 ~ group, or

a met hanedi phenyl ene I'n_accdrdance with the present
i nventi on, ?ﬂ%@%eFEYlenedlaml&PSo2pﬂﬁﬁhﬁéd1a5pPBEB§§e¢éPmﬂﬁ8:pﬁo@uct|on of

a séeanaehytaneaipaune , exprepsed (ByanhfBpeapoky) Sthane!,)
1,3-bis~(3-aminopropoxy)-2,2~dimethylpropane,
xylenediamine, metaphenylenediamine,

10 diaminodiphenylmethane, cyclohexyldiamine,

| isophoronediamine, diaminodicyclohexylmethane,
bis(aminomethyl)cyclohexane, etc.
The process of production of the present invention

C?}‘ ) may be produced by allowing a reaction of two or more

15 molar amounts of the diamine having the above-mentioned
formula (III) with the compound having the above-
mentioned formula (II) or tlie above-mentioned chemical
formula (IV) for an amine exchange reaction with the
diamine.

20 The reaction of the compound of the above-mentioned
formula (IXI) or the compound of the above-mentioned
.formula (1IV) with the compound of the above-mentioned
formula (III) generally is performed using as a solvent
the diamine having the above-mentioned formula (III) and

25 progresses well with heating. It is also possible to
pexrform the reaction in the presence of a solvent inert
to amino groups or isocyanate groups. In this case, as
the solvent, use may be made of toluene, xylene, and
other aromatic hydrocarbons, dimethylaéetoamide,

30 dimethylformamide, etc. The pressure at the time of the
reaction may be under pressure, under a reduced pressure
or under an atmospheric pressure. The reaction is
preferably performed in an inert gas atmosphere, for
example, a dry nitrogen atmosphere. .

35 In general, the boiling point of the lower amine and
lower alcohol eliminated from the diurea compound of the
-above-mentioned formula (II) or the diurethane compound

AT e
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charsacterized in that a diurea conmpound expressed by the 25 formul a

(rr): f[err] : (rn) 30 wherein, Rerr], Rerr], Rerr],
and Rl err] independently represent a - 15 - strai ght or branched al kyl
groups having 1 to 4 carbon atons, R err] represents a straight or
branched al kyl ene group having 2 to 8 carbon atons,_ an alicyclic

al kyl ene  of formplsup(Havihy Bretensplarkorentdmn theHeeyltd@ group, a
35 (err]-gothid ot ke stbshidetSd ﬂk@%@&&ﬂ%u@d C}@hﬁ&x&[ gti}ynono-

Orthaned| ph&@R%e . r#ep%"ce}'tfg %HQF?%I%I’IFJ%}?# he%g&g}eﬁgrou ?\g 1t the
reaction temperature is set higher than the boiling point
5 of the eliminated lower amine or lower alcohol and near
the boiling point of the diamine of the above-mentioned
formula (III) for the amine exchange, the reaction will
proceed well. While the reaction temperature is not
necessarily set due to the type of the material, the type
10 of the solvent, and other conditions, usually it is
possible to select it from about 50°C to 200°C. The
starting point and ending point of the reaction can be
confirmed by the distilled state (distillation
temperature and theoretical distillation amount) of the
15 lower amine or lower alcohol eliminated by the amine
exchange reaction from the compound of the above-
mentioned formula (IX) or formula (IV).
To isolate the desired compound from the end
reaction solution thus obtained, when the reaction
20 product is dissolved in the solvent after the completion
of reaction first any precipitate is filtered, the
solvent in the filtrate is removed once by reduced
pressure distillation, the residue is sufficiently washed
by an organic solvent such as tetrahydrofuran (THF), and
25 dried and the solvent is removed. The product can be
optionally purified by, for example, recrystallization.
The novel diaminourea compound of the present
invention obtained in this way has two, urea groups in a
molecule, so by using the diaminourea compound as a
30 polymer chain extender, it is possible to form a strong
intermolecular hydrogen bond between the polymer
molecules in the polyurethaneurea and therefore greatly
improve the heat resistance.
That is, the present inventors discovered the novel
35 diaminourea compound as a result of in-depth research and
discovered that by using this as a polymer chain
extender, -it is possible to increase crystallinity of the
hard segments of the polyurethaneurea and-form strong



-8- °* the formula (I11) | Herr]N-Rerr]-NH err]

(Jrr) wherein Rerr] represents a straight or branched al kyl ene
group having 2 to 8 carbon atons, an alixgclic alkylene 5 group havi ng
6 to 15 carbon atons, a phenyl ene group, a Cerr]-Cerr]

al kyl - substi tuted phenylene group, a (Jerr]-(ferr] nono- or
di - al kyl ene snrrheleculphephieicadr sypssediaking poimgshalydithieny| ene

group are aliwedegsaréeaﬁal rethaneureal RadGhe’ 4R Whihdahe frgsent

i nvention, there urt er OVI a process, for productlon of a
di ami nour ea ¥ %%EﬂﬁﬁlﬂBvPﬁgtPSrﬂﬂﬂ FF)mEﬁSFﬁéﬁérP?Qdalﬁ ething a

di uret hane ceoapeuaddespsepeetobyhebe felkliewtange is prodwemdcal fornula
fLZ%pend%ntly r epFB8EntSa ébgépﬁﬁFeBF 10w 8T8 Vst f3oddds
for production of a polyurethaneurea superior in heat
resistance comprised by causing an excess molar amount of
organic diisocyanate to react with a polymer diol of a
number average molecular weight of 500 to 100,000 to
10 synthesize an intermediate polymer having an isocyanate
group at its end, then causing a reaction of a
bifunctional diamine compound, said process for
production of a polyurethaneurea characterized by the
partial or entire use of the diaminourea compound having
15 the formula (I) for the said bifunctional diamine
compound.

- The said diaminourea compound may be used as is as a
high purity monomer or may be used mixed in with the
polynuclear product expressed by the formula (XIX)

20 produced as a byproduct in the process of production
without a detrimental effect on the properties of the
polyurethaneurea:

PRy
25 HZN—-(—Rl—N—(%—-N—Rz-—N—ﬁ-—N——);—RrNHz (XII)

wherein R; and R, are independently a straight chain or
branched alkylene group having 2 to 8.carbon atoms, an
alicyclic alkylene group having 6 to 15 carbon atoms, a
30 phenylene group, a C,-C, alkyl-substituted phenylene
group, a Cf%; mono- di-alkylene substituted phenylene
group, or a methanediphenylene group, and n is an integer
of 2 or more. '
The diamineurea compound has good solubility in the
35 organic solvent, for example, dimethylacetoamide usable
at the time of pélymerization of the polyurethaneurea.
For example, taking the example of compound (I), it
dissolves at room temperature to an extent of about 20%




branched al kyl group having 1 to 4 carbon atons, 20 cycl ohexyl group,
phenyl ene-group, ot straight or : branched Cerr]-Cerr]

al kyl -substituted phenyl group, R err] represents a straight or

. branched al kyl ene group having 2 - 17 to 8 carbon atons, an alicyclic

. al kyl ene group having 6 to 15 carbon atons, a phenyl ene group, a
Cerr]-Cerr] alkyl- 25 substituted phenylene group, a Cerr]-Cerr]

mono- or dibplk¥i€he and enablubsai tini€drih Blyﬁéﬁlgéﬁﬂan @eaation.
met hanedi phenyl e

(V) fE{einRﬁﬁfe???%&%[gfﬁflnggkgg &8 8HR 2%%&% E%&&;ornula
wherei n R ethé ahpvesmanslansdrépgmnlar(moanubedlalmydenef an3@quadr oup
a2, 142" BRBuA p&neaa%agbeysha%eak@ahgﬁﬁd an, orgflbdep having 6 to

15 car bon at ons,
aIkyI s%bst@%@@éﬁepﬁ9ﬁ§FéﬁétgF§u§ eacempprpde] & ]hﬁgﬁoregpstant

-al kyl ene?éyyﬁkétﬁaﬁ@u&@anwfer&ﬁeg_bsyéaener ifivention cBBhBgnNed phenyl ene

group -are a to react In accordance with the present
i nvention, ?h%?én further provided a process for production of a

poIyurethaneureaAso&ahm@&ésbpfabl@Wﬂ@@e&nd&baehavinbaa numbex

average molecular weight. of 500 to 100,000 in the present

10 invention, mention may be made of homopolymers ox
copolymers obtained by polymerization of ring-opening
polymerizable monomers such as ethyleneoxide,
propyleneoxide, tetrahydrofuran, methyltetrahydrofuran,
oxetane, methyloxetane, dimethyloxet&ne, etc.; or

15 polyetherdiols such as copolymers obtained by
polymerization of ring-opening polymerizable monomers and
compounds having 2 or more hydroxyl groups in a molecule
such as straight chain or branched alkylene glycols with
2 to 10 carbon atoms, specifically, copolymers obtained

20 by polymerization of, for example, tetrahydrofuran and
neopentylglycol; polyesterdiols obtained from one oxr more
types of dibasic acids selected from adipic acid, sebacic
acid, maleic acid, itaconic acid, etc. and one or more
glycol among stxraight chain or branched glycols having 2

25 to 10 carbon atoms such as ethyleneglycol, propylene
glycol, 1,4-~butane diol, hexamethylene glycol
neopentylglycol, and glycols such as diethyleneglycol, 3-
methyl-1l,5~-pentane diol, 2~methyl-l,8~bctaﬁe diol, 1,9-
nonane diocl; poly-e-caprolactone diol, and polycarbonate

30 diols, having 2 to 10 carbon atoms, using as a starting
nmaterial straight chain or branched alkyleneglycols;
pélyetherester diols, polyethercarbonate diols;
polyestexrcarbonate diols; and. other homo orxr copolymers.
Preferable examples are polyether diols, polyester diols,

35 polycarbonate diols, polyester diols, polycarbonate diols
with a number average molecular weight of 1000 to 20,000.

In the present invention, an excess molar amount of -




- -

-9- anount of organic diisocyanate to react with a pol yner di ol
havi ng a nunber average nol ecul ar wei ght of 500 to 100,000 to

Synt hesi ze an internedi ate pol ymer having an isocyanate group at its
“ends, then allowing the 5 i nternmedi ate polynmer to react with a

bi functional di am ne conpound, whereil® the di am nourea conpound
expressed by the formula (1) is used as a part or all of the -said

bi functi onal. di am ne rdance with t esent
Prvenc ot RS GTERE RS P9MEE R He TR CEs [EPaSt dban: BRSor

polyurethanewmmwéwmémkaomeéayobymenfdﬁotoﬁposyﬂthesxm@tahelng by addi ng,
orsaen. by SPCSATECL o mol ohbothans gAML, B:Hiae 0uteR sgaroind
allowing a réavi|€mp@PSanle&eesthﬂnuﬁﬁthﬁnanPrePObﬂmer~
5 The excess molar amount as spoken of -in the present
invention refers to a ratio of the molar amount of the
polymer diol used in the present invention and the molar
amount of the organic diisocyanate of 1:1.1 to 1:3.0,
preferably 1:1.3 to 1:2.5.

10 Normally, the reaction of the organic diisocyanate
with the polymer diol is caused in the presence or
absence of a solvent and at a reaction temperature of a
suitable 0°C to 100°C so as to obtain a urethane
prepolymer-with isocyanate groups at its two ends. In

15 this case, it is also possible to use a catalyst which
promotes the urethane reaction, such as a stannous
organic compound, or a negative catalyst comprised or an
acid inorganic ox organic compound which suppresses
secondary reactions.

20 In this case, as the organic diisocyanate used,
numerous compounds, including the following compounds,
are known (Nikkan Kogyo Shimbumsha, "Polyurethane Resin
Handbook, page 517}): for example, m- and p-phenylene
diisocyanate, 2,4 and 2,6-tolylene diisocyanate, m- and

25 p—xylylene diisocyanate, 4,4‘-diphenylmethane
diisocyanate, 4,4‘-diphenyl-dimethylmethane diisocyanate,
4,4’ -diphenylether diisocyanate, naphthalene-1,5-
diisocyanate, 1,6-hexamethylene diisocyanate, 4,4‘-
cyclohexylene diisocyanate, 1,3-bis(c,a-

30 dimethylisocyanate-methyl )benzene, 1,4-bis(a, o-
dimethylisocyanate-methyl)benzene, tetrachloro-m~ and p-
xylylene-diisocyanate, isophorone diisocyanate, etc.
Preferably, use is made of diisocyanate compounds having
benzene rings, in particular 4,4’'-diphenylmethane

35 diisocyanate.

After the intermediate polymer, that is, the

urethane érepolymer, is synthesized, a chain extension



orgami c diisocyanate with a polyner diol having a nunber aver age

nol ecul ar wei ght of 500 to 100,000 to synthesize - an i nternedi ate

pol ymer having an isocyanate group at its ends, then allow ng the
internedi ate polymer to react 20 wth a bifunctional diam ne conpound and
nonof unct i onal am ne conpound. - 19 - O0.005[err]A/B[err]3

wherein Ais the nolar anount added of the diam nourea conpound
expressed by the formula (1) and B is the nolar 25 anount of the
nnnofunctiona&eamtﬂenusedpéﬁfotﬁéd by theoddéetheneOprépolpaeyuhatiageur ea
pol ymer . accordance, w.

%h éhe %rgsent |nvent|§g there is
further prOV|ﬂ%%cgﬁﬁgFﬁugg?HBﬁeﬁFeé Rher'gi FRengEnups a fcing a
pol yur et haneurfuhgtabheli djamineacompounfl an 8Btaéncehe nol ar anount of an
organic diis p ol unber average
nmol ecul ar mquﬁ %gtﬂ%hgggsa Afogh%ggE%ghé ﬁ?ﬁégggega% I nternedi ate
polymer 5  menpfiyngkipnadyamine gemopuad Fﬁsaéﬁﬁé apﬁeﬁhelmghathar
reaction of aydifHRCHFORAE Hod a% sgnaatjnet\éﬁt Byt Ba 3ad tb&&r&hla%il

polymer, the ratio.of area of g gorres ondln he hard
segment havi nfeRE6EEOHr 82 a8 tO %n §H§IF? % bl For thE i n
t he this case, the‘equlvalent amount of the amino reactlon

groups of the bifunctional diamine compound or the

10 equivalent amount of the total amino reaction groups of
the bifunctional diamine compound and monofunctional
amine compound is substantially the same as the
equivalent amount of the isocyanate groups in the
urethane prepolymer or equivalent amount of the amino

15 reaction groups is in excess.

Further, it is also possible to use an excess of the
bifunctional diamine compouiid to the isocyanate groups so
as to cause a reaction using the bifunctional diamine
compcound as a monofunctional amine compound. That is, in

20 this case, the amino groups of the excess equivalent
amount of the bifunctional amine compound remain
unreacted in the polymer end groups as single~end amino
groups and function as polymer molecular weight
adijusters.

25 The reaction of the urethane prepolyﬁer and amine
compound is extremely fast. Therefore, to perform the
reaction slowly, it is possible to us€ a low reaction
temperature, so long as the temperature is above the

_ melting point of the reaction solvent used and one where

30 the prepolymer will not precipitate from the solvent.

The diaminourea compound having the formula (I) used
in the process of production of the present invention may
be used alone or used as a mixture of the diaminourea
compounds having the formnla (I) and also may be used

35 mixed or together with another known bifunctional diamine
.compound. At this time, even when the molar ratio of the
mixture of the diaminourea compound-used”in.the present




-10-; specification, out of the hard segnents fornmed by the
bi functional diam ne conpound is at |east 40 percent of t he

tot-al . BRI EF DESCRI PTI &N20F-THE DRAW NGS 5 " The
present invention will be explained in detail with reference to

the acconpanyi ng draw ngs where ure 1 is the infrared’
Hbsor pti on SRR il h%mall, 'the Lo oE %A)lgh eat resistangggyre 2

i's the inf rairsada:ﬂhﬁﬂwédormmeﬁtimbé pheferably Gat Cosgaumd¥ lgnd _
4 s the NSBELOPIHOIATR Rbrpotin 107 ecelbol ¥ 'oreater effectpe
i nfrared absior prtlorbspedt ris af ekampbepofinthe RAnown bifunctional
5 daimine compound in this case, there are known numerous
compounds iﬁcluding_the following (Nikkan Kogyo
Shimbunsha, “Polyurethane Resin Handbook", page 517): for
example, ethylenediamine, 1,2-propylenediamine,
hexamethylenediamine, 1,4-cyclohexyldiamine, 1,4-

10  tetrachloroxylenediamine, 1,3-cyclohexyldiamine, 1,3-
tetrachloroxylylenediamine, 1,4-xylylenediamine, 1,4-
.diaminopiperazine, etc. Particularly preferable are
ethylenediamine, 1,2-propylenediamine, 1,3-

i cyclohexyldiamine, and 1,4-cyclohexyldiamine.

15 During the polymerization of the polyurethaneurea,
when use is made of a monofunctional amine compound as a
polymer molecular weight adjuster, mention may be made as
examples of the monofunctional amine compound of
diethylamine, dimethylamine, methylethylamine,

20 methylisopropylamine, methyl-n-propylamine,
diisopropylamine, methyl-n-butylamine,
methylisobutylamine, methylisoamylamine etc. When use is
made of a monofunctional amine compound, the reaction may
be performed by adding the urethane prepolymer before the

25 bifunctional diamine compound or the reaction may be
performed by adding them simultaneously. The amount of
the monofunctional amine compound used can be
appropriately selected depending upon the molecular
weight of the intended polyurethaneuréa, it is suitably

30 no moxre than 40 percent equivalent amount of the total
amine equivalent amount supplied to the urethane
prepolymer.

During the intermediate polymerization or during the
reaction of the intermediate polymer with the amine

35 compound, sometimes a solvent may be used. As examples of
the solvent, mention may be made of dimethylformamide,
dimethylacetoamide, dimethylpropionamide,

e e AT e




15 ! Fig. 6 is the infrared absorption spectrumof the

gonpound (3); Fig. 7 is the infrared absorption spectrum of

t he conmpound (B); =21 - Fig. 8is theinfrared

absorption spectrum of the 20 conpound (1) obtained in Exanple 4;

F|g 9ist bs.o t| ectrum of t conmpound (C);
Fng. 10 is ?r} q:k’f ?frugtfa ’pt%srgd%%?fﬁﬁ%ﬁrq done. conpound (D);

Ye Fig. 1When tshesoIent ois absad ptiten cs;mrrumnﬁon hef the

conpound (E

EHch1ly 15 Uhe &g}{i@ &l g,Qﬂ:gpt i on spectrum

d
of the b@lymer SOll S ?S the infrared

absor pti on Q&'@cﬁqli?fﬁ]df %‘hetO ‘20% k) weighpoPhe (mlymer entering therjg 14
i s the isnfr aicadiiadp Paddesls septliave ofutfiter added to- mrmqmshzw)

0 1S LIS RIS OLelE, i cravigle€OPOU ()

conpound (6)a;bst::r..‘l:san*:.,r or othe¥Figtaliilizitdeagent arpihmdasios psuckh apectrum

of the titanium oxide, antistatic agents, antifungal agents, and
other additives and fillers (stearic acid metal salts,

10 magnesium oxide, hydrotalcite, zinc oxide). This is then
heat formed by a dry or wet type spinning machine or
molding macﬁine to make fibers, film, etc. In the case of
fibers, the spun yarn is false-twisted and provided with

Cﬁ an oil agent or lubricant stearic acid metal salt etc.

i 15 The type of the o0il agent is not particularly limited,
but dimethylpolysiloxane, diorganopolysiloxane obtained
by substituting another'alk?l group oxr phenyl group for
"part of the methyl groups of dimethylpolysiloxane,
organopolysiloxane of modified polysiloxane obtained by

20 introducing amino groups, vinyl groups, epoxy groups,
etc., and mineral oils are preferable.

The polyurethaneunrea obtained in this way using the
diaminourea compound of the present invention as a chain
extender has characteristic features in the distribution

25 of the hard segments. In the general process for
production of polyurethaneﬁrea, there is a large
distribution seen in the molecular weight of the hard
segments, with the smallest unit of hard segments being
one with two urea groups (U2 haxd), the next unit being

30 one with four urea groups (U4 hard), and the next larger
units having similarly more groups (U6 hard, U8
hard ...). This distribution differs depending on the
design of the molecular weight of the hard segments, but
in general the U2 hard account for the major part of the

35 total number of moles of the hard segments, followed by
the U4 hard, U6 hard, etc. in declining ratio. As opposéd
to this, if the diaminourea compound of the present '
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- 11°%- " conpound (7)f Fig. 18 is the infrared absorption

spectrum of the conpound (8). Fig. 19 is the infrared
absorption spectrumof the'5  conpourd 3%)s Fig. 20 is the
i nfrared absorption spectrum of the conmpound (10). Fig. 21 is

t he infrared, abso | S ectr th oynd (11
f?‘is t he inf?g?gggégsorpgf BgcgpﬁnggFlPh ggnaegﬁpgﬁn e fre are
Fig. 23 is tatreaflyatwe amgargrpupsspecthanchalnhextendecon&b@nd (13);

distribution has the characteristic features.

Flg

To improve the heat resistance of polyurethaneurea,
5 there is a method to énlarge the hard segment of polymer.
However, even in the polymer having a hard segment having
the same average molecular weight, the polyurethaneurea
obtained by the present method, the peak corresponding to
the minimum hard constitution unit U2 hard in the hard
10 segment distribution can be made small and the peak
corresponding to the U4 hard in the hard segment
distribution can be made large, when compared with those
obtained from known diamine compounds and diisocyanate
3 compounds. Furthermore, in the distribution of the hard
15 segment, it'is confirmed by a high speed liquid
chromatography analysis. that the peaks corresponding to
U6 hard component or more is small and the distribution
becomes more sharp.
Accoxrdingly, since the component corresponding to U2
20 hard of the polyurethaneurea of the present-invention is
small, the heat resistance is improved and since the
distribution is more sharp, the viscosity stability of
the polymer stock solution is good. The hard segment
‘distribution in the polymexr can be determined by
25 decomposition by pérchlorip acid, obtaining of the hard
segment portions, followed by determining with a high
performance liquid chromatography.
By suitably selecting the treatment conditions in
the pexrchloric acid decomposxtlon, thé urethane bonds,
30 ether bonds, and ester bonds are broken with almost no
" breaking of the urea bonds. When a polyurethaneurea
polymer is decomposed by perchloric acid, the hard
segments comprised of the urea bonds remain as they are,
while the soft segments comprised of the urethane bonds,
35 ether bonds, or ester bonds are decomposed to the low
molecular weight monomers Bulletin of the Chemical
Society of Japan, H. Suzuki et al. 43, 682-6 (1970),

e ek e i e e A AT 4 K



Fig. 24 is a view showi ng the relationship of the 15 ratio of m xture of

the conpound (1) and the seconds of heat breakage of film
Fig. 25 is a view showing the rel ationshid® of the ratio of mxture of
t he conpound (1) and t he tension after heat treatnent of the film 20

Fig. 26 is a u onpt ogram of t he ol yner
s ;%hesizedlé% ﬁg?%egu £ag5h 95FF2! g$g?§7a(ﬁ§§%)segﬁgﬁt%FFauid .
chr omat ogr amseEgridaets rempbhyngrafyerhEBisedahnbExpﬂabEPZtated by Fig.

Branpl o 8 WHESE Mdng B85 ERNCTBRAOL B EL 1L e g o P PRy KRR e
pol yner syntH@Sﬂ@%thh EﬁaﬁbEepglymer solidsFig. l@ﬂersed hardOSagnoﬁt

liquid chy onmed@grgarehibiec ac1dp9h&”€5:e§¥8&hﬁ§' dRdok D SRERALR ls\&@cExarml e
1. 30 hg%‘rg éﬁils a hargt ment chr omat ogram of th

pol ymer* synt 238 PRUESWALE: P aﬁkﬁﬂﬁ aﬁltatl°n° T eFFﬁ?a§EQP§ a hard

segnment | i quisbbirtbont bgr aetaknelieto roomotymperaynibesivedmino€onpar ative
Exanpl e 3;

T oer IS bl BB ORRRL b BB LRI o e e

hard segnent preﬁnnlthtedatEgeaproblpmeate is filtered by a glass

10 filter, then washed on the glass f£ilter by 50 ml of ion
exchange water and then 50 ml of 1N sodium hydroxide and
then again with 50 ml of ion exchange water. After the
washing, the precipitate is dried at 80°C for 3 hours
under reduced pressure to obtain a sample of the hard

15 -segments. The fact that the hard segments did not
actually decompose was confirmed from the fact that the
average molecular weight of "the hard segments of the
polyurethaneurea polymer before the decomposition, found
by H'-NMR, and the average molecular weight of the hard

20 segments decomposed by the perchloric acid and separated
matched. _

When the hard segments obtained in this way is
analyzed by a high speed liquid chromatography, the four
main peaks appear. When these peaks are nominated as P1,

25 P2, P3 and P4 from the slow retention time side, it is
confirmed by mass spectrometric analyéis that U2 hard, U4
hard, U6 hard and U8 hard correspond to Pl1, P2, P3 and P4
peaks respectively. For example, the parent peak of P2
peak in the MS spectrum is 819, whichxis derived from the

30 U4 hard.

When the hard segments of various polyurethaneureas
are analyzed and when the molecular weight distribution
and physical properties of each hard segment are compared
based upon the analysis results, it is confirmed that

35 remarkable improvements in the physical properties are
observed when the peak area ratio of P2 peak (i.e.,
corresponding to U4 hard) is at least 40%, more
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polyner synthesi zed in Conparative Exanple 5;

-2 12 Fig. 35 is a view show ng the relationship of the
peak area ratio(% of P2 and the second®40f. heat breakage of film
Fig. 36 is a view showing of the relationship of the 5 peak area
ratio(% of P2 and the tension after heat treatnent of the film

Fig. 37 is prdefietaegnent léé&&CMEﬂrQB@%@@rﬁpQEfthe totalymaﬁd

Fig. 38 is g | d r t ogram o Ope and
Fig. 39 is aeﬂg{gnﬁ? ggﬁta tﬁcggr%%g 085%ﬁ$% hod. Th??beégof Exanpl e 6
accordi ng t@l’tﬂ@qﬁml'ﬁ:mvwlbﬁ widely chang@fSTy MIDELFORLARRYIEG OUT

THE | N\VENTI @Y stribution of each hard segment peak.

o 5 Further, the present inventors discovered a process
for the production of a shaped article of a superior high
molecular weight polyurethaneurea by using the
diaminourea compound having the formula (I) having active
hydrogens at the two end groups.

10 That is, the process of production of the present
invention is a process for production of a shaped article
of a polyurethaneurea polymer characterized by heat
forming a mixture obtained by adding, in an amount
satisfying the following relationship, a diaminourea

15 compound having the formula (I) to a polyurethaneurea
obtained by causing a reaction of an excess molar amount
of an organic isocyanate with a polymer diol of a number
average molecular weight of 500 to 100,000, synthesizing
an intermediate polymer having an isocyanate group at its

20 end, then causing a reaction of a bifunctional diamine
compound and monofunctional amine compound with the
intermediate polymer.

The preferable effective amount of the aromatic
diaminourea compound having the formula (I) is the amount

25 satisfying the following equation:

0.005<A/B<3
wherein, A is the molar amount added of the diaminourea
compound having the above-mentioned formula (I) and B is
the molar amount of the monofunctional amine used for the

30 production of the polyurethaneurea polymer.

The preferred shaped article of the polyurethaneurea
is a fiber or film.

The diaminourea compound having the formula (I) and
used in the present invention differs from the known

35 .conventional compound having the formula (VIII) in that
it is a compound having highly reactive active hydroxyl
groups at its two ends. Therefore, an amine exchange .



The ﬁresent i nventors engaged in in-depth research 15 on a novel chain
extender for obtaining a high heat resi st ance. pol yur et haneurea and
as a result discovered a novel digyr nourea conpound having highly

reactive active hydrogen at the two end groups, thus conpleting at
t he present invention. 20 The typical exanples of the

di ami nour ea £ggREYBAS i causeacmzeﬁl ! altghﬁﬁ,pﬁa%@wenventlon are as

fol | ows enedi
phenylene)b|§?§°FBPH?PgEPﬁo?m&PéafopéFﬁ utlnnghe énd urea grgpp used

Conpound (2) fol, Nhe(ﬁ&bﬁﬂdmmaﬁlof the polQurethaneurea at the time of
phenyl ene) bi 3{2- (2P EMEEEINRATL"D) P18 vk how neat energyVrnat
5 is, the two end urea groups of the polyurethaneurea and
the two end urea groups having the highly reactive active
hydroxyl groups of the diaminourea compound having the
formula {I) and used in the present invention undergo an
amino exchange reaction at the time of heat formation,
10 and the polyurethane urea is easily made higher in
.molecular weight, it was learned. That is, compared with
the case of production by the technique of using the
known conventional, stable aromatic diurea compound
having the formula (VIII), the effect of increasing the
15 molecular weight of the polymer is larger and therefore
the elastic characteristics and heat resistance of the
elastomer obtained are superior. Further, in the process
of the present invention, since the molecular weight is
increased in a straight chain manner, it appears that
20 thexe is no three-dimensional bonding reaction causing a
three-dimensional cross-linking structure in the
polyurethaneurea, caused in the known art, or if any are
few in number, so there is little reduction of the
strength during knotting. Further, the stringiness of the
25 spinning stock solution does not decline and there is
little yarn breakage in the spinning chimney during
spinning.
The mixed composition of the polyurethaneurea
obtained by adding and mixing the diaminourea compound
30 having the formula (I) used in the present invention is
excellent in the viscosity and other aspects of storage
stability at a temperature of less than about 45°C.
During heat formation, it increases in molecular weight
for the first time.
35 The heat formation temperature required for
increasing the molecular weight is 50°C to 350°C. When a

solvent is used and the formation is performed in a short




35

Compound (3): N, N - (nethylenedl 4,1-

phenyl ene) bi s( 6- ( hexyl am no) - ur ea)

- [err]

5 The di am neurea conpound havi ng t he fornula ()

according to the present invention can be produced by the

10

15

20

25

30

35

- 26 -~

period, generally a temperature greater than the boiling

.point of the solvent is used. The formation time may be

shorter the higher the temperature. For example, in the
case of producing fiber by dry spinning using hot air of
close to 200°C to 300°C, the time of residence in the
spinning chimney for formation is sometimes less than one
second. On the other hand, at a relatively low
temperature, 10 odd seconds or sometimes several tends of
seconds are reqﬁired. Compared with the case of
production by the conventional, known art using the
stable aromatic diurea compound having the formula (VIII)
of the known art, less heat energy is required.

The preferable molar amount (A moles) of the
diaminourea compound having the formula (I}, used in the
present invention, added to the polyurethaneurea with
respect to the molar amount (B moles) of the

-monofunctional amine used ifi the productiom of the

polyurethaneurea added and mixed in may be found by the
following equation, that is, 0.0055A/B<3.0, preferably
0.055A/B<2.0, more preferably 0.1<A/B<1.0.

Outside of this range, the effect is insufficient.
That is, if the ratio of the molar amount (A moles) added
of the diaminourea compound having the formula (I) to the
molar amount (B moles) of the monofunctional amine used
in the production of the polyurethaneurea added and mixed
in is small (that is, A/B<0.005), the effect of imparting
a high molecular weight to the shaped article of
polyurethaneurea is not sufficiently exhibited and the
improvement in performance is small.

In the opposite case (that is, A/B>3), since an
excess of the diaminourea compound having the
formula (I), the bifunctional diamine, functions as the
end groups, so in the same way as above, the effect of
imparting a high molecular weight to the shaped article
of the polymexr is not sufficiently exhibited and the
improvement of the performance is small.

Furtﬁer, if the added diaminourea compound having

13



reaction between the diurea conpound havi ng the above- ment i oned

foormula (11) or the diurethane conpound havi ng t he above-nenti oned
formula (1V) and the diam ne conpound 1Q. 4vi ng the above-nenti oned

formula (111). The ‘di urea conpound havi ng the above-nenti oned
formula (11) or the diurethane conpound having the above- menti oned

formula (1V) nmeyebEoemuilky (Ijodemednby ioaasi Rgreactedr saattieodnofthieno or

T er ol aonal dilk8a%hnbinaatita BEIRRELNERL.FAR BEROAMLTI AR TGS U

I'SOCY anat resence or
absence foﬁﬁeﬂmeﬁge§6l#énblgﬁéhnss Féh?éﬁ@?&rénb@ﬁ BETe Pand
As exanpl es Ofc&ﬁgegltigﬁﬁé%a%%%h E%n ﬁ%éa&% e durTRée xHitting of
4, 4" - di phenyl gane di i socyanat e, Iene 20 ||socyanate
1, 5- naphthélen FrS8cFaat e, trldlne di i socyanat e,” hexamet hyl ene

di | socyanate, i SOph%OMamylesjideQﬁl)ealiﬁﬂgrur}kdhh@%ﬁ!x@ae phliveeay ansdd, in
Wiyl one. di i SoChEnBEES P YRR G TS A By FA0s” o heRnate,
tetramet hyl xyl pb&adneid mmmtm described abtwesxdme dslftindtisonaler
ﬁglt E;Fet glnglmone 5t sle? é&gﬁ’% sopr op;ﬁ amtrtryI et %lﬁopy%&r&p%f the
di i sopr opyPani ¥e; yureﬂmrtﬁnlsﬁaam% beyil Jaer 9y IS idipminoRTe®condar y
ani ne compound of the present invention may be used alone or in
' a mixture.
EXAMPLES
The present invention will now be further
15 illustrated by, but is by no means limited to, the
following Examples.
First, the process of production of the diaminourea
compound of the present invention will be shown.
Note that the apparatuses and conditions of the
20 measurement performed in the examples and reference
examples are as follows:

1) Measurement of infrared absorption spectrum

Apparatus: Perkin Elmer 1600
Method: KBr tablet method
25 2} NMR measurement '
Apparatus: Nihon Denshi JNM GX 400
Nuclear Magnetic Resonance
Spectrometerx
Method: 'H-SGNON
30 Accumulation: 100 times
Measurement fregquency: 4000 Hz
Solvent: DMSO-d¢
Measurement temperature: 27°C, or
Apparatus: " Nihon Denshi JNM PMX-60
35 Standaxrd substance: Tetramethylsilane
(TMS)

‘Measurement temperature: 37°C




30 canpounds, etc., preferably dinethylam ne, diethylam ne,

nmet hyl et hyl am ne, and dii sopropyl am ne. As éexanpl es of the Iomer
al cohol s, nention may be made of“n@@hy1 al cohol , ethyl al cohol, propyl
al cohol , i sopropyl al cohol, cycl ohexanol, and ot her Iom1boi|ing 35

nt alcohols or nol s, phenol t hyl phenol , et hyl phenol ,
Hg\ylphenol and otherégf %?bht chain %gg“dG branched Cerr]-Cerr]

al kyl - substltutedaphenméasuﬁéﬁéﬁtabfymeltlng p01nt -

14 - met hyl al co. al cop and, phe _ exanpl es
of the diam ne conpouﬁ%éﬁ%?a%“% %%%ﬁﬁﬂgtgf Sak %%% n?égned
formula (111), mentionSpeednaf, bempanetoteerhyeenealan1ﬁéC/mln,

1, 2-propyl enediamine, 5 1,3-diamn d a
hexanetﬁ%lenedianlye, 2-met hyl -1, 5- pgﬁ%gﬁégg ﬁ%lﬁt b?ﬁtﬂgﬁé& Vesudily

FABMS measuremen

Apparxatus: Nihon Denshi JMS-HX110

Acceleration voltage: 10 kv
Scan range: 50 to 2000

10 Cycle ﬁime: 60 seconds
Resolution: 1000
Matrix: " Nitrobenzylalcohol:glycerine =

6:4
(f) Sampling: DMSO
15 Reference Example 1

Ex. e of Synthesis of Compound (A havin
Formula (XITITI)})

CH3CH2 cnzcz{:1
20 XIII
A @ @ N (XELD)
CH,CH, CH,CH,

{Compound (A))

A mixture of 400 g of diethylamine (i.e., "DEA") and
25 500 ml of tetrahydrofuran {(i.e., "THF") was agitated in a
separable flask. Into this was slowly dropped.at room
temperatufe, by a dropping funnel, 200 g of methane
diphenylene diisocyanate (i.e., "MDI") dissolved in 500
ml of tetrahydrofuran. Along with thefdropwise addition,
30 a precipitate was formed. After the end of the dropwise
addition, the solution continued to be agitated for one
hour at room temperature. The precipitate was filterxed,
then washed with-tetrahydrofuian, and dried at room
temperature under reduced pressure. Three hundred grams
35 of a white powder, that is, compound (A), was obtained.
Yield: 95%
Melting point: 179 to 181°C
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oct anet hyl enedi ami ne, 71, 2- bi s- ( 3- ani nopr opoxy) et hane,

1, 3-bi s- (3-am nopr opoxy) - 2, 2- di net hyl pr opane, xyl enedi am ne,

met aphenyl enedi am ne, 10 di am nodi phenyl ng§ hane, cycl ohexyl di am ne,

I sophor onedi am ne, di am nodi cycl ohexyl net hane, .

bi s(am nonet hyl ) cycl ohexane, etc. The process of production of

the present inventi ghe infifRtrdie aysdpiadbspRdtain® M H1Sas tddipaind its or
nore 15 nolarsﬁnounts %ﬁ thq_dianine havi ng t he above-nenti oned

formula (111) #PRA™ A& cofpourid having the above- ment i oned fornul a
(I'l') or the above- mExampied Icheni cal formula (1V) for an amine

exchange reaction Wﬁ,&%ﬂ% of ?}ﬂt"ﬂ@#‘% %) cquggundT*J@ ieg%mgs%fﬁ
conpound of the aboVe-mentione U

e
above- nent Pone@f Presestimiinventioni th the conpound of the above-nentioned
fornula (111) gener ilxty gReid BimMhd ddihAmd @9 \Wainea ihe di am ne

having the Bbogeaentioned Lol 2 (L a0 el estes vl AN
of a solvent in@Da") (mdlotiang REpQItoUlEs W) ivvaoy apitagedups.a toakdi S
e 2 a1 o P e BT P Bl L A By Hiacea.
10 The compound (A} completely dissolved in the
ethylenediamine, which then began to boil. After about 10
minutes, the temperature of the top of the distillation
tube was 60 to 70°C, close to the boiling point
- temperature of the ethylenediamine, and a distillate
15 began to run out. After 22.1 g of distillate, that is,
the theoretical run-off of diethylamine, ran off, the top
temperature became 114 to 118°C (liquid temperature of
116 to 120°C), near the boiling point of the
diethylamine. At this time, the heating was stopped and
20 the solution was sufficiently cooled, then the reaction
solution was dried under reduced pressure at 60°C
{aspiratoxr 12 Torx). The result was washed by
tetrahydrofuran and filtered, then the result was dried
under reduced pressure at room temperature by a vacuum

25 pump, whereupon 48 g of the white powder of compound (1)
was obtained.

Yield: 85%
Melting point: 288 to 306°C
The infrared absorption spectrum, the !H-NMR
30 spectrum, and the FABMS spectrum of this compound are
shown in Fig. 2, Fig. 3, and Fig. 4, respectively.
The measurement of the FABMS confirmed that the molecular
weight was 370 (Fig. 4). Further, in the infrared
absorption spectrum of Fig. 2, the absorption (1081, 1165
35 cm') derived from the tertiary amine seen in the

-

infrared absorption spectrum (Fig. 1) of the compound (A)
disappearéd due to the procedure of Example 1, the




30 Jinethylfornanide, etc. The pressure at the tine of the reaction
may be under pressure, under a reduced pressure or under an

at nospheric pressure. The reaction is- 30 -preferably perforned in an inert
gas at nosphere, for - exanple, a dry nitrogen atnosphere. 35 In
eneral, the boiling point_of the |ower am ne and | ower al cohol .

ngnlnated f%Qﬁﬁ?FE@%Puf%%?@oﬁ%odnée6ﬂvﬁﬁefr°m thpoPEiRaRYi 8REASf or nul a

(T'1) or the @%Q@neaﬁ@nﬂﬁuﬁgs shown that the’ compound (1), a - 15-
of fornmula () ef er abl wer than the ol nt of _the

r oi
di am ne of t ’Eﬁﬁqgrﬁ%n??ﬁﬂ Lol orﬁﬁFaPFPFP?eg Fﬁ§gHeF0rEPh§lgn1ﬁe
exchange. Irt¢®;sasasnownflnhehe flgﬂﬁétlBmgh&mﬁebﬁtHCHf+$-&Hﬁ—hlgher t han

the boi 'éng MRN8 s8LntRE 515 32b8Y 50487 QHU"E.96 hENST sAbGRRG and
the structure of a gompound (1) with one amino group of
EDA connected by urethane bonds.

Example 2
Example of §ygthes;s of Compound (2) (Previously

10 Mentioned Chemxca; Formula (X))
Using the same method as in Example 1 but using 494
g of 1,2-propylenediamine instead of ethylenediamine, 44
g of the compound (2) was obtained.

Yield: 73%
15 . Melting point: 292 to 297°C
Figure 5 shows the infrared spectrum of this
compound . - -

In the same way as with the infrared spectrum of the
compound (1), the absorption of the tertiary amine

20 " disappeared along with the procedure of Example 2,
absorption (1560 cm™') of the primary amine appeared, -and
the structure of the compound (2} was shown. '
Furthermore, the structure of the compound (2) was
confirmed by qbserving the chemical shift of a methylene

25 group next to an urea group at 2.9 ppm by an NMR
determination. '

' Example 3
Example of Synthesis of Cogpgﬁnd743) (Previously
Mentioned Chemical Formula (XTI)) '

30 Ten grams ¢of the compound (A) obtained in Reference
Example 1 and 58.7 g of 1,6-hexamethylene-diamine were
added to 200 g of xylene. In the same way as with Example
1, the solution was heated, cboled, and dried under
reduced pressure, then the result was washed with water

35 .and tetrahydrofuran and filtered} then dried under
reduced pressure to obtain 9.74 g of the compound (3).

Yield: 803 - |




the.ﬁhiling poi nt of the diam ne of the above-nentioned formula (111)
for the am ne exchange, the reaction wll proceed well. Wile the
reaction tenperature i s not necessaBitl y set due to the type of the
material, the type 10 of the solvent, and other. conditions, usually it is
ossible to selecgt jt, from about [err 0 200[err]C. The starting
(g\bl nt and endi ng%ﬁ’o]ﬁh’t NG PYHLL § e%% ;c%t’né confirmed by the
distilled state (Rlipire | @itsloows thetfﬁ&fﬁfﬁdﬂ&bsﬂﬁbﬁiﬁnﬂsge¢ﬁ¢umhsf|IIatlon
amount) of the o2 ééﬁﬁé.an1ne or lower alcohol elimnated by the am ne
exchange reacflon‘? e conpound of the above- mentioned formnul a
(1) or formula (In/)the same way Tas iwbtiatthe himticaredspeeipound{Fiom t he
end 5 reapl ion Sk uké ﬁﬁ?&ﬁws ﬁf)t atﬁ@dabm&&im S£6he Ferigppoduct is

dlssolved in the sol vent ter e con&hetlon of reaction fiTst any
preci pi t at e 3R |diFpPeared al°n%dV tthe prRceduxe £€ Fxamphevdd once

by reduced absof@ﬁﬁéﬂrFlﬂS@ttﬁﬁgtbﬁnthéhgriﬁétﬁusmiﬁesé geareaglanaashed
by an organi¢ solvent such gs tetrgﬁz éurgm_‘éﬁl , and 25 dried and the
sol vent is rdMpvEbructnee pHqtRe € P¥%-purified by, for

exanpl e, recrysta&éféﬁénOQ Example 2 The novel diam nourea conpound of the

pr esent

10 |nngt|on obtglgedthn thlsfw@gmhas &ffﬂiefggif”BS in a

"Chemical Formula (XIV)

& CH3CH2-OCN@CHz-@-NCO—CHzCH3 (XIV)

15

(Compound (B))

The same procedure was performed as in Reference
Example 1, except that use was made of 307 g of ethyl
20 alcohol instead of the diethylamine in Reference Example
1, thereby obtaining 255 g of the above-mentioned
compound (B).

Yield: 93%
Melting point: 124 to 128°C
25 The infrared absorptibn spectrum of this compound is
"shown in Fig. 7.
Example 4

Example of Synthesis of Compound (1)
The same procedure was performedfﬁs in Example 1
30 except for use of 51.8 g of the compound (B) obtained in
Reference Example 2 instead of the compound (A) in
Example 1, thereby obtaining 37 g of the compoﬁnd (1).
Yield: . 66% ' '
Melting point: 290 to 309°C
35 The infrared absorption spectrum of this compound is
shown in Fig. 8.

In the infrared absorption spectrum of Fig. 8, the
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nol ecul e, so by using the di am nourea conpound as a 30 polyner chain

extender, it is possible to forma strong I nt er nol ecul ar hydr ogen bond
bet ween t he pol yner nol ecul es in the:gpLyurethaneurea and therefore
greatly i nprove the heat resistance. That is, the present

I nventors discovered the novel 35 diam nourea conpound as a result of

i n-depth reseaiidbAifion (1953CEKCNCANYodDl R Rie! Rt eiind RRINMIET chai n
ext ender,

it is possible to 1ncrease crystallinity of .
segnent s ofttﬁ?%%ly%r§Fﬁah§ﬁ¢é§eénébﬁ9¢§$§Pﬁoﬁ@eCtrum (Flg ?) of the

- 16 - | &, aah&cqurdmax§p@a&eara&&-kbn&heg Q@b@ﬁ%reBbft@kﬁmple t he

desired pol yur th neur ea hayi.n thqr f.l ui rn&tlon of the
pol ymer nol ecut est3Rd28SALR lggtﬁng )m%erlved from é%e ary

5 amine appeared, and it was shown that the compound (1), a
diaminourea compound, was produced.
Reference Example 3

Example of Synthesis of Compound {C) {Following
Chemical Formmla (XV))

10
CH,CH, ~_ }‘1 111 /CH2CH3
NCN-CHZ CHz-—NCN\ (XV)
CH3CH2/ 8 CH,CH,
{Compound (C})
15 :

A mixture of 20 g of diethylamine and 20 ml of
tetrahydrofuran was agitated in a 100 ml Erlenmeyer
flask. Into this, 8.24 g of m-xylylene diisocyanate
dissolved in 20 ml of tetrahydrofuran was added drop-wise

20 slowly by a dropping funnel at room temperature. After
the end of the dropwise addition, the solution continued
to be agitated for one hour at room temperature. Thirty
ml of tetrahydrofuran was added, the precipitate was
filterxed and was washed with tetrahydrofuran and then

25 dried under reduced pressure at room temperature. A 8.11

g amount of the white powder of the compound (C) was
obtained.

Yield: 57% -
Melting point: 129 to 130°C

30 The infrared absorption spectrum of this compound is
.shown in Fig. 9.

Reference Examples 4 and 5

Examples of Synthesis of Compound (D) and Compound
{E) (Following Chemical Formulas XVI and XVII)




rate and a superior heat resistance is produced. 5 That is, the

ptesent invention provides a process for production of a

pol yur et haneur ea superior in heat resi stance conprised by causing an
..excess nol ar amount of organi c diisocdmate to react with a pol yner

di.ol of a nunber average nol ecul ar wei ght of 500 to 100,000 to 10

synt hesi ze an integq&dlate p yner ggV|ng ag%$socyanate group at its

end, then causing ctionj bi f onal di am ne conpound, said

process for productlmncmm

yM{BwManeurea char act er i(zadd )by t he
partial or entire of the diN\aH

nouNea\bogpﬁund having 15 the fornula

(1) for the said brfuhctional di ne énpound. The said
di am nourea conpound may be used &8;is as a hi gh purity nononmer or may
be used ngxed in with the polyﬂe§%§ ggg?t expressed by the formul a
(XI'l') 20 "produced as-a byproduct process’ of production wi t hout
a detrimental effect on the properties of the pol yur et haneurea: [err]

) czns H H CZHS

H1

N /N-clzl-m_@_cn ~—N«-(ﬁ-—N\ (XVIT)

(Compound (E))

Instead of the 8.24 g of m-xylylene diisocyanate in
15 Reference Example 3, use was made of 7.62 g of toluene-
2,4-diisocyanate in Reference Example 4 and 9.72 g of
isophorone diisocyanate in Reference Example 5. For the
rest of the procedure, the same procedure as in Reference
Example (3) was perfoxrmed to obtain 10.81 g and 10.94 g
20 of the white powders of compounds (D) and (E).
Compound (D)
Yield: 77%
Melting point: 164 to 167°C
Compound (E)
25 Yield: 67%
Melting point: 156 to 157°C
The infrared absorption spectrums ¢of these compounds
are shown in Fig. 10 and Fig. 11.
Reference Example 6

30 Example of Synthesis of Compound (F) {Following
Chemical Formula {(XVIIX)}
czH,\ B B /CZHS
/N-ﬁ—N— (CH,) S-N-%—N\ (XVIII)
C,Hs o} o] C,Hs
35 {(Compound (F))

Instead of the 8.24 g of the m-xylylene diisocyanate



1

25 (XI1) wher ein
Rlerr] and Rl err] are independently a straight chain or branched

al kyl ene group having 2 to 8 carbon atons, an alicyclic al kylene group
having 6 to 15 carbon atonms, a 30 phenylene group, a CJerr]-(err]

al kyl - substi tuted phenyl ene group, @ tferr]-Cerr] nono- di-alkylene
substituted phenyl ene group, or a nethanedi phenyl ene group, and n is
an integer of 2 or nore. The di am neurea conmpound has good
solubility in iheRéEereng@nm&am@meeﬂb,Bf@m gxaiphexadbmbwﬁyhacetoanide
usabl e fo ti he p e For
exanpl e, taklng FﬁekgggaQIeQ%Fygﬁaéﬁa %%s%t%f %h @@Qﬁ&%-%as the

conpoun ol ves at
t enper at ure toSameeRSeAn @Bﬂﬂyﬁmcqy?%ﬂmp e 3, but after the end Of the

agitation, agitation was performed for one hour at room
5 temperature, then a temperature of 50°C was applied by an
evaporatbr to remove the unreacted diethylamine and
tetrahydrofuran. A 15.00 g amount of white powder of the
compound (F} was obtained.
Yield: 100%

10 Melting point: 107 to 110°C
The infrared spectrum of this compound is shown in
Fig. 12.

Reference Example 7

Example of Synthesis of Compound {G)} (Following
15 Formulae {XIX))

C#%

P
N-C—N-O— -@N—C-—N (XIX)
czn,

CZH5

{Compound {G))

20 The same procedure was performed in Reference
Example 3, except that 8.49 g of dicyclohexylmethane
diisocyanate was used instead of 8.24 g of m-xylylene
diisocylanate in Reference Example 3, thereby obtaining
7.84 g of the compound (G) in the state of white powder.

25 Yield: 55% :

Melting point: 150 to 157°C

The infrared spectrum of this ¢ompound (G) is shown
“in Fig. 13.

The diisocyanate compounds and secondary amines used

30 as starting compounds for the compounds (A) to (G)

synthesized in Reference Examples 1-7 are shown in
Table 1.
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- 17 - by wei ght and enabl es a uniform pol yneri zation reacti on.

| f instead of the diam nourea conpound expressed by t he .
above-nentioned fornmula (1), use is nade of an equal nol ar anount of a
di i socyanat e conpound and organic 5 diamne constituting the conmpound, the
heat resi stant pol yur et haneurea of the present invention cannot be
obt ai ned. As exanpl es of a polyner diol having a nunber
aver age nol ecul ar wei ght of 500 to 100,000 in the present 10 i nvention,
mention may be nmade of honopol yners or copol ynmers obtai ned by
pol ymeri zati on of ring-opening pol ynmeri zahl eggrononers such as
et hyl eneoxi de, propyl eneoxi de, tetrahydrofuran, nethyltetrahydrofuran,
oxet ane, met hyl oxet ane, di nmethyl oxetane, etc.; or 15 polyetherdiols such
as copol ynmers obt gi-negd_hy olymerization of ring-opening polynerizable
nononers and coempoungs |having R orl nofe Hydr ¢xyl groups in a mol ecul e
such as strai ght dhi or sprianched @l kyl eng gliycolls wi th 2 to 10
car bon at ons, speciﬁitall copdlgners lobt pi ngd 29 by pol yneri zati on of,
for exanple, tetrghydfofu ] §ndl S

o g lolo

pa B 14 ] Q1= {:= {2z {|=

3 g ]l o] a

ey 1o

sl =|%|=

S S lal e

& B iele

oo} o

Table 1
Diisocyanate compound

4,4'-Diphenylmethane diisocyanate
Dicyclohexyl methane diisocyanate

Toluene-2,4~diisocyanate
Hexamethylene diisocyanate

m-Xylylene diisocyanate
Isoforone diisocyanate

(B)
(C)
(D)
(E)
(

(G)

Compound (A)

Reference
Exanmple 1

el ot



neopéntylglycol; pol yesterdi ol s obtai ned from one or
di basic acids selected from adi pic aci.d, sebacic acid, maleic acid,
itaconic acid, etc. and one or nore gl ycol anmobng straight chain or
branched glycols having 2 25 to 10 carbon atonms such as ethyl enegl ycol,
propyl ene glycol, 1, 4-butane di ol 36hexanet hyl ene gl ycol
neopent yl gl ycol, and glycols such as di et hyl enegl ycol, 3-

met hyl - 1, 5- pent ane dipl,_2-nmethyl -1, 8-octane diol, 1,9- nonane di ol ;
pon-e-caproIacé%ﬁgmﬁﬁ%ﬁ? and polycarbonate 30 diols, having 2 to 10
carbon atons, usg es of ag{i sis offatenpahndsr b4 phtochaBm of branched

al kyl enegl ol oone rovBBLYSR hﬁgg_;i&@% %m&ﬂgel g ;C@é bpgatg,diol s,
pol yesterc ferabl e

exanpl es are polgether dIO|S ohs,H pol ycar bonat e di ol s,
pol yester diols, CHz NC&V' GHsNie nol ecul ar

wei ght of 1000 to 20 Oll I n th prékent t|on an excess
nol ar anount of

nor e types of

{Compound 4)

qu-@mcm@cnz@ncn@mz

(Compound 5)

HZN-@-CHZ-@—NCN@-CHZ-@-NCN

(XX1)

CHZ-@-NHZ

(XXII)
{Compound 6)
HH HH
H,N—-CH,CH,-NCN —Cﬂg-@-CHZ-NCN~CHzCHzNH2
O {XXI1T)

(Compound 7)

HZNCHZ-©»CH2-NCNCH2-@—CHZNCN—CHZ-@—CHzNHz

(XXIV)
(Compound 8)
HH HH
HzNCHzCHZN(_':IN N(l.iNCHz(:HzNHz {XXV)
l
C o
CH,
{Compound 9)
CH;
HH HH
H,NCH,CH,NCN CH,NCNCH,CH,NH, (XXVI)
I
0] 0
CH; CH,3
(Compound 10)
HH
H,N N({iN cnz—mcn NH, (XXVII)
Q

. CH;
(Compound 11)




organi c diisocyanate groups are nade to react with the above-nenti oned

pol ymer diol to synthesize the I nt ermedi ate pol yner havi ng i socyanate
groups at its two end groups, i.e., the urethane prepolyner. 5

The excess notar anount- as spoken of in the present i nvention refers to
a ratio of the nolar anmbunt of the poléner di ol used in the present

I nvention and the nol ar anount of thé Fganlc diisocyanate of 1:1.1 to
1: 3.0, preferably 1:1.3 to 1:2.5. 10 Normal |y, the reaction of
the organic diisocyanate with the polyner diol is caused in the
presence or absence of Ivent ag a reaction tenperature of a
suitable O[err]C to 4 2§: ur et hane r
with isocyanate grou &wﬁﬂgﬂ éﬁ%%Iﬁgﬁls case, ?gﬁg?s%qe
possi ble to use a catalyst ch p onotes the urethane reaction, such
as a stannous Of 88b&us@MPEYNd, or "a negative catal yst conprised or an

acid inorganic or or anlc conpound mhlch suppr esses

Hzncnzcrtzucm@ @NCNCHZCHzNHz (XXIX)

(Compound 13)

10 The compounds (A) and (C) to (G) obtained in
Reference Examples 1 and 3 to 6 and various types of
diamines were charged into Erlenmeyer flasks with
distillation tubes attached in the combinations and
amounts shown in Table 2, then were slowly heated while

15 agitating them. The compounds (A) and {C) to (G)
dissolved in the diamines, which then began to boil.
Aftexr about one hour, the heating was stopped, the
solutions were sufficiently‘cooléd, then 60 ml amounts of
tetrahydrofuran were added to cause the reaction products

20 to precipitate. These were washed and filtered with
tetrahydrofuran, then dried under reduced pressure at
room temperature by a vacuum pump, whereupon white
powders of the compounds were obtained. The infrared

absorption spectrums of the compounds are shown in
25 Fig. 14 to Fig. 23.




secoﬁdary reactions. 20 In this case, as the organic diisocyanate

ysed, numer ous conpounds, including the follow ng conpounds, are
known (N kkan Kogyo Shi mbunsha, "Pol yurethane Resin Handbook, page
517): for exanple, m and p-phenyl ene di-i socyanate, 2,4 and

2,6-tol'yl ene diisocyanate, m and 25 3%-xylyl ene diisocyanate,

4, 4! - di phenykmetnane Jdirsoryanate} 4,4 dirphe XI-dI Ty e rame
di i socyanat e . 4,]45- 1ingeﬂy et her Hid sody@nhfe,| Rapht had epré- 1, 5-
dii tel 1,8-Koxqapel wilene| & i|socyanatd, 14| &4 | ¥ | X dyEl bBetyd
i i socyanat e , 8- kbxaget yliene| &l ilsocyanat g, 1414 4 L | & qygl pBexykepe
di i socyanat e, 1,§-b|s(ﬁe I (Brf]- 130 | di netihgl | Spdydnpte{et h j®ngene,
1, 4- bi s([err] fprr] - diinet 1yJ isocianat e-ne hyl )he zene tetfdach oro-m
and p- ylygene-diisocyana1e, i sophorone dfisdcyapatg, efc.
Preferably, dse jos wadB ¢fT di 8BS gn@t p TonpoBndst hali h@ | ] | Benz@ng
rings, in pafticelar 4, 4%-dijphepyl et hane 35 dii sdqcyahat §g.
After the i nttermediratie—pytyner; t’ﬁctw'rn, t-he retframgprepotynef, i s
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-19-"° reaction is perfornmed by the urethane prepol ymer having
l,socyanate groups at its two end groups and the bi functi onal di am ne

conpound to obtain the polyurethangqﬁpq: At this tine, sonmetinmes a 5
nmonof uncti onal am ne conpound i s added and the nol ecul ar wei ght of the
polynmer is adjusted by an end term nating reaction so as to obtain the

pol yur et haneur ea RQLk¥MeExalBies thEﬁeC§§§1thghsqakﬁﬁkﬁﬁhrégnunt of the
am no reaction roups. of the bifunctiona I am ne_ conpound or the 10
equi val ent aFoBRPUBE Phethst REegRNhoLANSRELOR §PEUBSCHRLN extgpder

bi f unct i onal wgll anbaeshaesmpound and nonof uncti onal am ne conpound is
substantially the

groups in the N§?§3ﬁ§§3t358pgﬁﬁe %%§%L S%Fsgﬁéﬂihg%&%%ﬁ é%%%%ﬁ@?t%no 15
reacti on5gr odpscribed éxcebe Examples was performed by the following
methods: )
1) Breaking Strength and Elongation at Break

These were measured by a tensile tester

(Orientec Co. UTM-III-100) under conditions of a
10 temperature of 20°C and a humidity of 65 percent.

A test yarn or 2 mm wide test film was set in
the tester gripped at an interval of 50 mm, then was
pulled at a deformation speed of 1000 percent/minute
until breaking to measure the stress at the break

15 (strength) and the elongation (% with respect to original
length). Rote that the stress of the test film was
corrected to the stress per sectional area. (For the
correction of the measurement value after heat treatment
of the film, use was made of the value of the sectional

20 area of the film before heat treatment.)

2) Residual Strain and Tension At Recovery

Test pieces were set in the tester in the same
way as with measurement of the breaking strength and the
elongation at break, the pieces were pulled at a

25 deformation speed of 1000%/minute, the elongation was
stopped at 300%, then the pieces were allowed to recover
immediately at a recovery speed of 1000%/minute. This was
repeated three times, the stresses (tension) at
elongations of 100% and 200% at the time of the third

30 recovery were measured, and the residual strain at the
time of a tension of 0 was measured. Note that the stress
of the test film was corrected to the stress per
sectional area. {For the correction of the measurement
value after heat treatment of'the film, use was made of

35 the value of the sectional area of the film before heat
treatment.) In the case of a yarn, if one yarn is used

for the measurement, the measurement value becomes too

e s e



1 4
Further, it is also possible to use an excess of the bi functi onal
Cd am ne conpound to the isocyanate groups so as to cause a reaction
usi ng, t he bi functional diam ne conpound as a nonofunctional am ne
conpound. That is, in 20 this case, the48nirno groups of the excess
equi val ent amount of the bifunctional am ne conpound remain
unreacted in the polyner, end groups as single-end am no roups and

function as FoRner bR FamRs gigre measpredkpgether and gh‘TFle reaction
of the urethaad vy apdd/ nes el Aea Hierement CoPORNdrtStest | ewren fast.

Th f , t I t . ti LE. | I bl I
reaction | SRERE R Ht piriRotacine turds At trs ROIE Brdabighes 7 1
nel ting poi ntthsf pdinteastimn spavenbefiore the tneatwent 8fe ghéppedpol yner
wi Il not tiore%sp'tf}?é}‘(? %f&”&%@%ﬁ&'%‘f@& set at a 5§hﬁmd AfLpgysea conpound

a (1) use N the

having the fornu process of production of the
present invention fhy HeatpBreat®entone or used as a mixture of the

di ani nour ea conpoungs haxtnfrbhembREMWh3 pbrroprleal B9 HBYiB® used 35
m xed or together with another known bifunctional_ diam ne conpound. At

d :
this time, e/iFFRFERERE hbgh, PrEErBres dyReng machine (¥i5FePhe di ani nourea
conpound usedCorpdbhetporsEppe 12IMP-E). The 50 mm portion of the test

10 yarn or 2 mm wide test film to be treated was elongated
80% to 90 mm, then immersed in ion exchange water in a
pot in the dyeing machine and treated there. The
treatment conditions were an increase in temperature of
2.5°C/minute from an internal temperature of 70°C,

15 holding at 130°C for three hours, then cooling and
reduction of pressure. The test pieces taken out from the
dyeing machine were air-dried one day and night in an
atmosphexre of a temperaturemof 20°C and a humidity of 65%
and then the physical properties were measured.

20 4) Heat Set Rate

The strain caused by the heat treatment was
measured and the ratio (%) with respect to the length of
~elongation (40 mm) before the heat treatment was used as
the heat setting rate.

25 Heat setting rate (%) = {(I-L,}/(I,-To)} x 100

' = {(I-50)/40} x 100

Io: length of sample (50 mm)
I,: length of sample after elongation (90 mm)
I: length of sample in relaxed state after heat

30 treatment {(mm)

5) Strength Retention Rate

The ratio (%) of the breaking strength after
heat treatment to the breaking strength before heat
treatment was used as the strength retention rate.

35 Strength retention rate (%) = (Tsa/Tsb) x 100

Tsa: breaking strength after heat treatment (g)
Tsb: breaking strength before heat treatment'(g)

——— LI SV



-20-° invention is small, the effect of a high heat resistance

|s exhibited. The ratio is preferably at |least 10% and nor e
‘preferabl y- at | east—-20% whereupon a greater effect i s exhi bited.
As an exanpl e of the known bifunctional 5 daimne conpound in this
case, there are known numnerous —~ édnmpounds including the foll ow ng
(Ni kkan Kogyo Shi mbunsha, " Pol yurethane Resin Handbook", page 517):
for exanpl e, ethyl enedi am ne, 1, 2-propyl enedi am ne,

hexanet hyl enedi afihe, Secerdg|ohdigatdiBrsaiage 4- 10

t et racm oroxy: elnedim m ﬁeﬁlt?ﬁm}ﬂig'@rﬁéﬁ: %axai or 2 mm wide

tetrachl oro | ami ne - vd enedi e, 1,4-

di am nopi pe)ri.')aéz]%ng{:f}‘e‘fej R X2 ot ?‘g% ygﬁ]e‘?%?@bq]é&%’r eélhen was pushed

et hyl enedi amigseinsit. 2a pkPYC drealt my rel ererst  (approximgiébnek§|aizami ne, and
1, 4- cyclsohexdfil 4% NSortion}Oand the MBS dHeHRAYIET LAY OBr8hxhE

pol yur et haneur ea,
was measured.

Example 6
Example of Production of Polvurethaneurea Using

Diaminourea Compound Used in Present Invention (N, N’-

10 (Methvlenedi-4,]1-Phenylene}Bis(2-(Ethylamino}-Urea))
(Hereinafter Referred to as Compound (1))

Four hundred parts by weight of a copolymer diol of

tetrahydrofuran and neopentylglycol (hereinafter referred
.to as NPG) (NPG content of 10 molar%, number average

15 molecular weight of 1780) and 80.8 parts by weight of MDI
were caused to react in a nitrogen atmosphere at 70°C for
five houxs with agitation to obtain an intermediate
polymer having end isocyana%e groups. Next, this was
cooled to room temperature and dry dimethylacetoamide

20 {hereinafter referred to as DMAc) was added to make a 40

percent by weight concentration intermediate polymer
solution.

Next, a DMAc solution including 3.87 parts by weight
of diethylamine (hereinafter referred to as DEA) was
25 added and the result was agitated for a while, then the
intermediate polymexr solution was cooled to ~-20°C, a DMAc
solution containing 26.5 parts by weight of the compound
(1) used in the present invention was added to a
.vigorously agitated intermediate polymer solution, then a
30 30 percent by weight concentration polyurethaneurea
solution was obtained.
Next, 5.1 parts by weight (corresponding to 1% by
weight with respect to the po}ymer solids) of a
condensation product of p-cresol and dicyclopentanediene
35 and isobutene of a molecular weight of about 2300
{(hereinafter referred to as the stabilizer A) was added
as an antioxidant and mixed by agitation to obtain a



when‘use is made of a nonofunctional am ne conpound as a pol ymer

nol ecul ar wei ght adjuster, nention may be made as exanpl es of the
monof uncti onal am ne conpound of di et hyl am ne, di net hyl am ne,

met hyl et hyl am ne, 20 met hylisopropyl am ne, nethyl -n-propyl am ne,

di i sopropyl am ne, nethyl-n-butyl am ne~ 42 - met hyl i sobut yl am ne,

nmet hyl i soanyl am ne etc. Wen use is made of a nonofunctional am ne
conmpound, the reaction nmay performed by adding the urethane
prepolynerlﬁﬂkﬁ%@?ﬁecomPOQStlﬁFfBﬁc§93n§Y weaghheCenRpBLRATSPRt B, Bact i on
may be VlscégﬁfpragdzbggagdiggfnbenlS|nultaneously The amount of

t he npnof uncti on am ne conp

ap tely
sel ect ed dependi nt*hPoficthBERB #égﬁ gﬁrougﬁ an opdfife &P ghgg %gﬁged
pol yur et hanespeaning machiheabkliyh38 hnt adretthpard@uper o€n27600 al ent

anount cg trgbégiﬁL?eB%F§n8F.gnhaedggge¥alent anount supplied to the

ur et hane During the internedi ate
pol yneri zati on orDMBFi wgst ferthexr addedegot the 0% by wetghtredi ate pol ymer

with the ami @&centggtlﬁﬂr@?'iBQa.nﬁo%hb@%it@o%mt%e%k@aiéhge used. As
exanpl es of vent, "nmention nmay be nmade of di nethyl f or mam de,
di met hyl acet G2RFEBETREARPH¢O¥ 53 ¥i*d@hde, then this composition was

deaerated and cast on a glass plate using a 0.600 mm

10 applicator. This was dried at 70°C for 16 hours to obtain
a film of a thickness of about 100 um. The film was cut
into 2 mm widths for use as samples for measurement of
the physical properties.

Table 3 shows the results of measurement of the
15 physical propexrties of the obtained fiber.
Comparative Example 1
Example of Use of Conventional, Xnown
Ethvlenediamine {(Hereinafter Referred to as EDA) Instead
of Compound {1) Used in Present Invention
20 - The same procedure as in Example 6 was performed
except that instead of the 26.5 parts by weight of the
compound (1) in Example 6, the same molar amount.of EDA,
that is, 4.31 parts by weight, was added, whexreby a yarn
of 40 denier and a f£ilm of a thickness of about 100 um
25 were obtained.

Table 3 shows the results of the measurement of the
physical properties of the obtained yarn.
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-21- di et hyl sul f oxi de, and N- net hyl pyrrolidone. When a

sol vent is used, the concentration of the pol ynmer solids is usually 15%
by wei ght or nore, preferably 20 to 40% by wei ght. The pol yner entering
the 5 nolding process may have further added to it a known
anti oxi dant, coloring preventing agent, ultravi4dl et absorbant, or other
stabilizing agent, pignents such as titani um oxi de, antistatic agents,
antifungal agents} and w other additives and ffillers (stearic acid netal
salts, 10 magnesilum pxi d8, shydrotd cite,} zing xide). This is then
3. 3 L . . .
heat formed by a dry DIz Wet  ype spf nnithg) nachi he or nol di ng machine to
make fi bers, filn]’gt:. I the casg] of fibers, the spun yarn is
fal se-tw sted and jproyided W tTh an or] agent or |ubricant stearic acid
. : : . L
metal salt etc. 13 The tgpq;o&.th oi | _apent,ipg not particularly limted,
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but diﬁethylpolysiloxane, di or ganopol ysi | oxane obt ai ned by

sulastituting anot her al kyl group or phenyl group for - part of the

met hyl groups of di et hyl pol ysi | oxane, or ganopol ysi | oxane of nodified
pol ysi | oxane obtai ned by 20 i ntroduci ng am no groups, vinyl groups, epoxy
groups, etc., and mneral oils are preferable. The

pol yur et haneurea obtained in this way using the di am nour ea conpound
of the present invention as a chain extender has characteristic
features in the distribution 25 of the-hasd-segnents. In the general
process for production of pol yurethaneurea, there is a |large

di stribution seen in the nol ecul ar wei ght of the hard segnents, with

the smallest unit &f hddd deymemeryferod from Tabdevdh theo urea groups (U2
hard), the negliyiidehein 3 WimdV til [@ilnilaA-H WS zk%sééﬂt and the

next |arger units having simlarly nore groups (U6 hard, har d
...). This di doverRrdiom af & shainerkRniphnig rawerioyddt Jihgrse¢rnds
ol ecul a][ wei ﬁ:lft nefat hﬁ:éh@fibfé,e%&ms?‘tr&@tl:h r%éﬂtﬂ?ﬂai‘?ie teh%ﬁtéﬁh mﬁadd
account r the or_.part_of_the, to n er of, noles _of the har
Segment s, O of FERATTRRL S ohe Eengian, ARRhE HEst Pt indatqi ng rati o,
As opposed conipaxdd svitd the chsen obunse b npoencbrofenticona ks eahown
’ diamine (EDA}.
Examples 7 to 9
Example of Use of Compound (1) Used in Present
10 Invention and Known Diamine Mixed Together

In Examples'7 to 9, use was made of a mixture of the
compound {1) and the known bifunctional diamine, EDA as a
chain extender and polymerization was performed with
different ratios of mixture.

15 That is, instead of the 26.5 parts by weight of the
compound (1) in Example 6, mixtures of the same molar
amount of the compound (1) and EDA (amounts shown in
Table 4) were added. Aside from this, the same procedure
was pexrformed as in Example 6, whereby films of

20 thicknesses of about 100 um were obtained.

Table 4 shows the results of measurement of the
physical properties of the resultant films. Table 4 also
shows the results of measurement of the physical
properties of the films obtained in Example 6 and

25 Comparative Example 1. '



-22-"° invention is used for the chain extender, since there are

gl ready two urea groups in the chain extender, the di stribution
has the characteristic features.. - - To ‘inprove the heat
resi stance of pol yurethaneurea, 545 there is a nethod to enlarge the
hard segment of pol yner. However, even in the polynmer having a
hard segnent h in@ he saﬁ% avefage nol ecul ar wei ght, the
pol yur et haneur ga Pﬂeéghy'1he present nethod, the peak
correspondi ng tfo m frngm har ¢ constitution unit U2 hard in
t he hard 10 r& Qug iten n be made snmall and the peak
correspondi ng t ntf t h pgnent di stribution
can be made | ar g ) oy 4 P obt ai ned from known
di am ne conpound§ & S9 at ¢ np Is. Furthernore, in the
di stribution of] €hg -h & 15 g it is confirmed by a high speed
liquid s 1& fuslsielnl=]=
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chroﬁatography anal ysis that the peaks corresponding to U6 hard

gonponent or nore is snmall and the distribution becones nore

shar p. Accordi ngly, since the conponent corresponding to U2
20 hard of the polyurethaneurea of the present invention is

smal |, the heat resistance is inproved ah since the

distributlon Is nore sharp, the viscosity stability of t he

pol ymer stock solution.is . good. The hard segnent distribution in
the pol ymer can bek 8e5é %@Hrﬁﬁ compousgt “&@80&&0§P?|Gﬁeﬁfnﬁérchlorlc

aci d, obtai nimgentibhe Whether used alo&@g@&ﬂ&ogétthnﬁut&DkiQMﬁﬁnby
detern1n|ng &&th a_hi

er.f.orm id chromat oqgra
By suitably se?m%Plﬁgg?ﬁultS éPnéﬁfpgﬁﬁﬁni|gﬁ§C¢n%¥ HMproven é# rchlorlc
aci d deconpothei beatt resisdhnamee (semdnds of hedd baeladagegnds;rexmitlest er

bonds arg brokep,yi bl iﬁﬁgﬁtt@$5lon after'hgkﬁa@ qygﬁkhe £2 bonds. Wen
a pol yur et haneur ea I' S deconpose pérc oric acid, the
har d Setté@@n@ﬁﬁ?)oonprlsed of the urea bonds remain as they are,
while the soft segieRke O RNESS Lf w%ﬂeﬁt RRASing the sBcofdder

s N e SR e
al . 43, 682-§ré§&%0)it will be understood that even with a small
10 molar ratio of mixture of the diaminourea compound, an
effect is exhibited of improvement of the heat
resistance, and with a preferable molar ratio of mixture
of at least 10% and more preferably at least 20%, a
greater effect is exhibited.

15 Comparative Examples 2 to 5
Examples of Use of Equal Molay Amounts of MDI and

EDA Constituting Compound (1) Instead of Compound (1)
Instead of the compound (1) in Examples 6 to 9, MDI
and EDA, constituting the compound (1) (the
20 compound (1) being comprised of one molecule of MDI and
two molecules of EDA), were added as chain extuder

corresponding to the amounts of the compound (1) used in

Examples 6 to 9 so as to polymerize the polyurethaneurea.
That is, the amounts of MDI shown in Table 5 were
25 additionally added and dissolved, as additionally added
"MDI, in 40 percent by weight concentration intermediate
polymer solutions obtained by the same method as in
Example 6, then DMAc solutions containing 3.87 parts by
weight of DEA were added, the results were agitated for a
30 while, then the intermediate polymer solutions were
cooled to -20°C and DMAc solutions including the amounts
of EDA shown in Comparative Examples 2 to 5 of Table 5
were added to the vigorously agitated intermediate
polymer solutions to obtain 30% by weight concentration
35 polyurethaneurea solutions.
Next, amounts of the stabilizer A corresponding to

1% of the polymexr solids were added and the mixtures -were- -

r



- 23 - Kogyo Kagaku Zasshi, 72, 7, 1593-7 (1969). The hard
segments remaining after this can be precipitated by wat er and

i sol ated. Specifically, approxinately one part by wei ght of the
pol yeer solids is imersed in 10 m of 5 60% perchloric acid and
treated by an oil bath of 60[err]C for 34 hours w th occasional
agitation. The treatnent solution is returned to room tenperature,
100 M of ion exchange water is added, and the hard segnents are
precipitated. The precipitate is filtered by a gl ass 10 filter, then
washed on the glass filter by 50 ml of ion exchange water and then
50 m of 1N sodi um hydroxi de and then again with 50 ml of ion
exchange water. After the washi ng, the precipitate is dried at
80[err]C for 3 hours under reduced pressuie to0 obtain a sanple of the hard
15 segnents. The fact that the hard segnents did not

mixed with agitation.

These were used to Prepare films in the s

‘ ame w.
in Example 6 at 10

+ whereupon films of a thickness of about 10g
Hm were obtained. Table 5 shows the results of

m?asurement of the physical properties of the obtained
films are shown in Table 5.



actual ly deconpose was confirnmed fromthe fact that the aver age
mel ecul ar wei ght of the hard segnents of the pol yur et haneur ea

pol yrer pefore t he deconposition, found by Herr]-NVR and the
average nol ecul ar_wei ght of the hard- 48 20 segnents deconposed by the

perchloric acid @and separjated mat cljed When it he hard
segments obtained in this| 8§ is anjal y S£a'e\d liquid
chromat ography, fhe four | 3 8% main peakd & se| pelaks are
nom nated as P1, 25 gon{ tijre side,
It is copfirnmed b d, W
hard, U6 hard anf JJ8 hardj correspgnd to P1,j Pi peaks
respectively. FofJexanple} the parientspegk fof [ he M5
spectrumis 819, |vhich isfderived frantge] 9
When the,hard sefgnents of &ari ous {pol yur#t Hang anal yzed
and when:the nol ecul ar we t di stj-bution broperties
of each hard segignt are ¢ ared - ag ip results,
it is confirmed {lat B5  renarkalie Enjyoyes s cal
propertig¢s are et observed wher§t hig deealf pak (i.e.,
corresponding tol@ hard)}{is at |ephst 40% ne
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_____ - 24°- preferably at |east 45% based upon the total hard
segnents by a vertical division nethod. Thus, the characteristics can
be wi dely changed by controlling the di stribution of each hard segnent
peak. 5 -Further, the present invggtors discovered a process for
the production of a shaped article of a Superior high nol ecul ar wei ght
pol yur et haneurea by using the di am nour ea conpound having the fornul a

(1) having activerrom m&r%ﬂt ttﬂ%ﬁ Vén &b ¢ BPSchd dcompound TPRY 1S,
ghe process of roduc i on of

res i nvention is_a process for
bduct i on a'??l%’F% mofe %’fe MDH A SR ARt L {)O:F%E
characteriz@wm@pﬂufﬁve Exarhpleas N2 o M xdomer Ddddii amesublys aolfli MDY andan

amount il | I LGpbNE A LR LELMLEONSE e e SBILAQY] £

5 added in Examples & to 9. Further, Comparative Example 2
corresponded to Example 6, Comparative Example 3 to
Example 7, Comparative Example 4 to Example 8, and
Comparative Example 5 to Example 2. Comparing use of the
compound (1) and use of MDPI and EDA, the use of the

10 diaminourea compound used in the present invention
clearly improves the heat resistance (seconds of heat

breakage, strength retention rate, tension after heat
treatment).

Example 10

: 15 Example of Use of Polxtet;amethz;eneglycol
{(Hereinafter Referred to as PTMG) for Polymexr Diol
Four hundred parts by weight of PTMG of a number
average molecular weight of 1830 and 74.9 parts by weight
of MDI were caused to react in a nitrogen gas atmosphere
20 at 70°C for 5 hours, with agitation, to obtain an

intermediate polymer having end isocyanate groups. Next,
the intermediate polymer was cooled to 10°C, then dxy
DMAc was added, to make an intermediate polymer solution
of a concentration of 40% by weight.

25 Next, a DMAc solution containing 55.8 parts by
.weight of the compound (1) and 0.83 part by weight of DEA
was added into a wvigorously agitated intermédiate polymer
solution to obtain a polyurethaneurea solution of a
concentration of 30% by weight and a viscosity of 3800

30 poise/30°C.

After the polymerization, the solution was diluted
to a concentration of 20 percent, 5.3 parts by weight of
the stabilizer A was added and agitated, then a film was
prepared by the samé proceduré as in Example 6 to obtain

35 film of a thickness of about 100 pum. Table 6 shows the

results of the measurement of the physical properties of
the resultant film.




15 5onpound having the forrmula (1) to a pol yurethaneurea obt ai ned by
causi ng a reaction of an excess nolar anount of an organi c isocyanate
with a polyner diol of a nunber aver age nol ecul ar wei ght of 500 to
100, 000, synthesi zi ng an internedi ate pol ymer having an i socyanate
group at its 20 end, then causing a reaction of a bifunctional diam ne
conpound and nonofunctional am ne conpound with the i nternedi ate

pol ymer. The preferable effective anount of the aromatic

di am nourea conpound having the formula (1) is the amunt 25 sati sfying
the foll owm ng equati on: 0.005[err]A/B[err]3 wherein, Ais

t he nol ar anbunt added of the di am nourea conpound havi ng the
above-nentioned formula (1) and Bis t he nol ar anmount of the

nonof uncti onal am ne used for the 30 production of the pol yurethaneurea
pol ymer. The preferred shapedoarticle of the pol yurethaneurea

is a fiber or film The di am nourea conpound having the formul a
(1) and used in the present invention differs fromthe known 35
conventi onal coganparatineg @rérula (VII1) in that it is a

cormpound havi ng ﬂ#@% chﬁ%g%eo:a%@gl W31 2XYAmount of"PURSTRLLLLS WO

ends. Therefore, )
of Compound (1) Used in Present Invention in Example 10

The same procedure was performed as in Example 10 to

5 obtain a film of a thickness of about 100 um, except that
instead of the 55.8 parts by weight of the compound (1)

in Example 10, 9.06. parts by weight of EDA was added. The

results of the measurement of the physical properties of
the resultant film are shown in Table 6.



- 25 - reaction is caused with the highly reactive nmonof unct i onal
am ne constituting the end urea group used

pol yur et haneurea at the tinme of

heat energy. That 5 IS,
and the two end uare

hydr oxyl groups of the dj am
used in the present inventi (

time of heat formation,
hi gher in mol ecul ar
t he caselof production b
conventional, stable aro

for the production of the

the heat formation by a relatively | ow

the two en§it urea groups of the pol yurethaneurea

able 6

s -having the highly reactive active
nourea congound having the formula (1) and
g utider g g | = dmi no exchange reaction at the
=nd the pdl yuf et hane urea is easily nade
| ght it was |l eafned. That is, conpared with
the tgchni quq of | usilng the known
tijc dpurealcqnpopgrd
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haviﬁg the formula (VII1), the effect of increasing the 15 nol ecul ar

wei ght of the polyner is larger and therefore the elastic
characteristics and heat resistance of the el astomer obtai ned are
superior. Further, in the process ~ b the present invention, since the
nol ecul ar wei ght is I ncreased in a straight chain manner, it appears

that 20 there is no three-di nensional bonding reaction causing a
t hr ee- di mensi onaBycnesiand idie nijlstinminee damgdund usedpglry urket haneur ea,

dint f
IC?;JtSIee Ir(ra]du S EROMN J."’}fvten’t?iroﬁ asané/ (?Lﬁ% rextér@'&f n l@@{[ﬁ %ﬁf& MEol S

tion of stren i ng Knot'tihg
stringi ness t@ﬁ“ﬁ@é%ly SHRRRAYRY *stt%d]@%‘bmﬁﬁleﬁﬁadﬁ@s Qfottl'tfécl i ne and t here
S |t Poa pardtealeage. in the spinning chimey during sSpi nni ng.

The nixsd conposi_tion of t ol yur et haneur ea obt ai ned by addi ng and
m xi ng the di am having the formula (1) used in the

present inventi oExamples mﬂC@ééemm mxamimnumenxﬁnmgounﬁkcmﬁmm Bapects of
st or age

During heat
time. 35

| ncreasi ng fd&ﬂ%ﬁ&“lﬁil‘%&% NE- ?ﬁ ﬂ&n&& éoi eéﬂé:?vl&%&?ai‘sw-
10 (Hexylamino)-Uxea) {Hereinafter Referred to as Compound
3 -

Instead of the compound (1) in Example 6, the
polymerizations were peiformed using the compound (2) in
Example 11 and the compound {3) in Example 12. Otherwise,

15 the same procedures were performed as in Example 6 to
obtain films of a thickness of about 100 um. The films
were subjected to heat treatment and measured as to theixr
physical properties in the same way as with the previous
example, as a result of which the polyurethaneurea using

20 the compound {2) oxr the compound (3) was found to show a
superior heat resistance, in terms of the seconds of heat
breakage, strength retention rate, and tension after heat
treatment, to the polyurethaneurea using the
conventional, known diamine EDA.

25 Comparative Example 7

Example of Polymerization of Polvurethane

An 18.7 g amount of MDI and 100 g of PTMG (molecular
weight of 1830) were caused to react in a separable flask
in a nitrogen atmosphere at 70°C for five hours, with

30 agitation, to synthesize the prepolymer. After this, this
was returned to room temperature and 178 g of N,N-
dimethylacetoamide (hereinafter referred to as DMAc) was
added to dissolwve the same. Next, 1.04 g of EDA and 0.28
g of DEA dissolved in 102 g of DMAc were quickly added to

35 the vigorously agitated prepolymer for the polymerization
to obtain a polymer stock solution of a concentration of
30%. The viscosity of the stock solution at 30°C was 4000




solvent.is used and the formation is perforned in a short

-+ 26 - " period,"generally a tenperature greater than the boiling

poi nt of the solvent is used. The forngt%§n~tine may be shorter the

hi gher the tenperature. For exanple, in e case of producing fiber by
dry spinning using hot air of 5 close to 200[err]C to 300[err]C, the tine

of residencepgbhghe spinning chimey for formation is sonetines |ess
t han one second,. On the ot her hgp

) d, arelatively | ow )
tenperature;, 10 odYASIGRIsLHrediAet %e%g‘i%i/eﬁ%lthteerﬁfs‘y‘f}? solutiepnte are
requi red. ComaXxiecdhat tdoddenteeseial 20%, prlashictionsiabihezeonnenasonal |
known art usi%%_t e .

added in an amount of 1.24 g (1 percent with respect to

5 polymer solids) as an antioxidant. A film was cast from
this 20% stock solution using a 0.600 mm applicator, then
was dried at 70°C for 16 hours, to obtain a film of a
thickness of about 100 um.

Example 13

10 Example of Polymerization of High Heat Resistance
Polyurethane

An 18.7 g amount of MDI and 100 g of PTMG (molecular
weight of 1830) were caused to react in a separable flask
in a nitrogen atmosphere at 70°C for five hours, with

15 agitation, to synthesize the prepolymer. After this, this
was returned to room temperature and 178 g of DMAc was
.added to dissolve the same. Next, 6.41 g of the compound
(1) and 0.28 g of DEA dissolved in 102 g of DMAc were
quickly added to the vigorously agitated prepolymer for

20 the polymerization, thereby obtaining a polymer of a
concentration of 30%. The viscosity of the stock solution
at 30°C was 3600 poise.

In the same way as Comparative Example 7, the stock
solution was made 20% in concentration and 1.25 g of the

25 stabilizer A, corresponding to 1% of the polymer solids,
was added to prepare a film.

The films obtained in Comparative Example 7 and
Example 13 were cut into 2 mm widths-:and used as samples
for the heat resistance test. The heat resistance test

30 was performed by evaluation of the seconds of heat
breakage. The results are shown in Table 7.

Seconds of heat breakage: The time when the sample
was pressed against a heating element of 180°C* under an
elongation of 50% uhtil it brbke was measured.

e . e - —————



stabl'e aromatic diurea compound having the formula (VIII) of the known

att, | ess heat enerqy is required. The preferable nolar anmount (A
nol es) of the di-am nour ea conpound having the forrmula (1), used in the
15 -present invention, added to the pol ysy et haneurea with respect to
the nol ar amount (B noles) of the monof uncti onal amine used in the
production of the pol yur et haneur ea added and m xed in may be found by
t he foll owi ng equation, that is, T@bd@sfierr] A/Blerr]3.0, preferably 20
0.05[err]A/Blerr]2.0, nore preferably O0.1[err]A/B[err]1.0.

Qut side of this range, the effect is insufficient. That is, if the
ratio of the] molar amogpt {4 nol es) added he diam [pound
having the fprrmula (1) tdpt nol ar anuSeFBQQEWSFég§¥%#“§#§§ia

nonof uncti on ?H“HE% the produgtion of the polyurethaneyrea
added and n1%h In1Ls smﬂéékthat I's, A/ B<0.005), the effect of
i nparting polanmeﬁhm &mwmﬁ/@:@mp% khe _shapi &rseepedgf

pol yur et haneprea—ts—not—suffietrentty—exht-bi-ted——and-the trptrevetrrdnt i n

performance [Pelsmyethawe £ilm ofn the opposfite case (that is, A B>3),

since an focagisst Ofe t Laxkih B Nour ea conpound hawgugé&gans fornul a
(), the bifunctional diaminpe, functjons _as khe end _groups, so_iin the
same way as above, the effect of

Next, Examples will be shown of the case of use of
10 the diaminourea compound of the present invention as a
high molecular weight imparting additive.
Note that the measurement of the physical properties

described in the Examples was performed by the following
methods:

15 1) Ultimate Filament Denier
The stringiness of the spinning composition
during spinning was evaluated by the ultimate filament
denier. The ultimate filament denier was found in the
following way. During dry spinning, a 40 denier/4
20 filament yarn was taken up once. The speed was fixed to
600 m/min for three minutes, then the takeup speed was
'gradually raised. When the takeup speed at the point when
yarn breakage occurred in the spinning chimney was
designated as X m/min, the ultimate filament denier per
25 filament can be calculated by the following equation:
Ultimate filament denier = (40/4) x (600/X)
where, X is the takeup speed at the time of yarn
breakage {m/min} '
The smaller the ultimate filament deniexr, the better the
30 stringiness of the spinning composition.
2) Knot Strength
This was measured by a tensile tester (Orientec
Co., UTM-IXII-100) under conditions of a temperature of
20°C and a humidity of 65%.
35 A knot was made in the center of gripped portion of
_the sample gripped at an interval of 50 mm. This was




inpar{ing a high nol ecular weight to the shaped article 35 of the polyner
I$ not sufficiently exhibited and the | mprovenent of the performnce
is small. Further, if the added di am nourea conpound havi ng

- 27 - - the forrmula (I) remains +msmn-unreacted state in the m xed
and added pol yuret haneurea pol ynmer, when a fiber is formed, there is

bl eedi ng, which causes fiber scum and causes trouble such as yarn

br eakage dupihyielingtt endedorhatifabsipesded. 1000%/minuwAs exdripl es of the

POl VAnBERR IR K RRUSL e oih5al @S NONY Bhe R Aty 1) e
di ami ne conﬁbé‘ﬁdt?}?eﬂ‘eeﬁﬂrﬁj?/ vidd Uso Wpe ihea Eiveragie (ffained by
measuring test yarns knotted in the right direction and
5 test yarns knotted in the left direction the same number
of times (n=5 for each) and confirming the breakage at
the knotted portions.
3) Breaking Strength, Elongation at Break,
Residual Strain, Tension at Recovery
10 These were measured in the same ways as the
previously explaihed methods.
4) Heat Setting Rate
A test yarn or 2 mm wide test f£ilm gripped at a S0
‘mm interval was elongated 80% to 90 mm, then immersed in
15 boiling water for one hour, then was dry heat set as is
at 80% elongation at 120°C for one minute. The strain
caused by the heat setting was measured and the ratio
with respect to the length'i40 mm) elongated before the
heat treatment was used as the heat setting rate.
20 Heat setting rate (%) = {{I-I3)/{I,-I,)}x100
= {{I-50)/40}x100
where, I,: length of sample (50 mm)
I,: length of sample after elongation (90 mm)
I: length of sample in relaxed state after heat
25 treatment (mm)
5) Reduced Viscosity (nsp/C)
The reduced viscosity was measured as a way to
~evaluate the polymer molecular weight: That is, a test
film was dissolved in DMAc at a concentration of 0.005
30 g/ml and the flow time of the solvent and the solution
was measured by an Ostwald viscometer in a 25°C constant
temperature water tank. The reduced viscosity was found
by the following equation: _
(nsp/C) = {(t-to)/te}-1/C
35 ' where, t: flow speed of solution (seconds)
to: f£low speed of solvent (seconds)

.C: concentration of polymer (g/ml)



10 pol yur et haneurea may be a known one. The di ami nourea conmpound of

t.he present invention may be used alone or in a m xture.

EXAMPLES The present invention will now be further 15
illustrated by, but is by no nmeans linit to, the fol |l ow ng Exanpl es.
First, the process of production of t he df ani nour ea conmpound of the
present I nvention will be shown. Note that the apparatuses and
condi ti ons of thegggm qgaggrenent perfornmed in the exanples and reference
exanpl es- are ‘as fQ 1) Measur enent of |nfrared absorptlon
spect rum A 400 PASTal#t feight paqunt mERIME®RL 2 numbe

Met hod: avelfBigel fldleiculRirnekidfht of 183) and\\¥ oSty esenbeight

Appar at us: nshi
Nucl ear Nhgngflybgesonan§:“sggwto febee in a nitrogen gasS%ec??%%%?%r
Met hod: 5  at] @O°0HESEN@Nx3® hours with apictatidcrt i tom:obdaDntames

Measurenment reQueRtiiate 4 having end isocyhd¥€igroups. WO dlerr]

: this was cooled to .xroom temperature and dry DMAc was
added to make an intermediate polymer solution of a
concentration of 40% by weight.

10 Next, a DMAc solution including 7.28 parts by weight
of EDA and 1.11 §arts by weight of DEA was added to the
vigorously agitated intermediate polymer solution to
obtain a polyurethaneurea solution of a concentration of
30% by weight.

15 Next, 5.0 parts by weight (corresponding to 1% by
weight of the polymer solids) of the stabilizexr A was
added as an antioxidant and agitated and mixed with the
solution. "

Further, a DMAc solution containing 2.81 parts by

20 .weight (A/B = 0.5) of the compound (1}, that is, the
diaminourea compound used in the present invention, was
added, mixed, and deaerated to obtain a spinningn
composition of a concentration of 30% by weight and a
viscosity of 3400 poise/30°C. (In the text, A indicates

25 the molar amount of diaminourea compound added, and B
indicates the molar amount of the monofunctional amine
used for the production of the polyurethaneurea polymer).

This was supplied through an orifice to a dry
spinning machine with a hot air temperature held at 270°C

30 to obtain a yarn of 40 denier.

DMAc was added to the 30% by weight concentration
spinning composition to make it 20% by weight in
concentration. This composition was cast on a glass plate
‘using a 0.600 mm applicator ahd was dried at 70°C for 16

35 hours to obtain a film of a thickness of approximately
100 pum. The film was cut into 2 mm widths which were used
as samples for measurement of the physical propefties.



MeasUr enent t enper at ur e: 27[err] C, or Appar at us:

Ni hon Denshi JNM PMX-60 35 St andard subst ance:

Tet ramet hyl si | ane (TMB)
Measur enent tenperat ure: 37[err]C

- 28 - Sol vent: - 57DMBO-d[err] 3)
Measurenment of nelting point Appar at us: Yanagi not o
Sei sakusho MP-500 Speed of tenperature rise: 3 to

Aferr] C nin, Table 8 shows the results of fdiq megsivianentotl rme

visual ly ﬁh ysical f:@peftﬂ@és JPagid @Btiined yarn. Table 9 AlRSk&L US:
Ni hon Dens JMS5- HX Accel ratlon Vvol.tage: 10 kV
Scan range he ggsujtsy@f the measurement of the physical properties

of the film.
5 Examples 15 and 16

The same procedure was followed as in Example 14
except that instead of the 2.81 parts by weight of the
compound (1) in EBxample 14, 3.02 parts by weight of the
compound (2) (AJ§=0.5) was added in Example 15 and 3.66

10 parts by weight of the compound (3} (A/B=0.5) was added
in Example 16, whereby yarns of 40 denier and films
having a thickness of about 100 pym were obtained. Table 8
shows the results of the measurement of the physical
properties of the obtained yarn. Table 9 shows the

15 results of the measurement of the physical properties of
the £film. '

Comparative Example 8

Known Art: Example of Japanese Unexamined Patent
Publication (Kokai) No. 59-129257

-

20 The same procedure was followed as in Example 14
except that instead of the 2.81 parts by weight of the
compound (1)} in Example 14, 3.01 g of the known compound
expressed by the formula (VIII) was added, whereby a yarn
of 40 denier and film having a thickness of about 100 um

25 were obtained. Table 8 shows the results of the
measurement of the physical properties of the obtained
yvarn. Table 9 shows the results of the measurement of the
physical properties of the film.

Comparative Example 9

30 Known Art: Example of Japanese Unexamined Patent
Publication (Xokai) No. 1-170648

A DMAc solution containing 8.13 parts by weight of
EDA and 0.93 part by weight of'DEA was added under
vigorous agitation to an intermediate polymer solution of
35 a concentration of 40% by weight obtained in the same way

as Example_l4, whereby a polyurethanenrea solution of a _
concentration of 30% by weight, including free amino




v

10 Cycle tine: 60 seconds Resol uti on: 1000

Mat ri x: Ni t r obenzyl al cohol : gl yceri ne 6: 4 Sanpling: DVBO
15 Ref erence Exanple 1 -~ 58 Exanpl e of Synthesis of Conpound
(A) (bhaving Formula (XI11)) [err] 20

(Xi.11) (Compound (A)) A

m xt ure of g@OvgsofinditéehHodiymes (@nds, wadEADtadmed. 25 500 m  of

tetrahydrofuran Wex&:, s. B*F'Qrﬁé,a%ga%ﬁ;trﬁé dﬁt%ﬁpgrtﬁbua}leﬁ%l@g%gog 'pf"ﬁé

Into this was sIomAy r.o
funnel, 2002gdgd &H@gd with agigidiAmene diisocyanate (i.e., "MJI")
dis;o!ved |n 50@urther, aviDmic tRilvitiieH aiddlaiiny ANGWigdrddheyr opwi se
addltlog, weight of the known compound expressed by chemical
formula (VIII} was added and mixed with agitation, then
was deaerated to obtain a spinning composition of a
concentration of 30% by weight.
This was used for spinning and film-making in the
10 same way as in Example 14 to obtain a yarn of 40 denier
and a film of a thickness of about 100 um. Table 8 shows
the results of the measurement of the physical properties

(5 of the obtained yarn. Table 9 shows the results of the
measurement of the physical properties of the film.
15 Comparative Exampie 10

Example of No Addition of Diaminourea Compound of
Present Invention

A spinning composition of a concentration of 30% by
weight obtained in the same way as in Example 14 except
20 without the addition of the compound (1), that is, the
diaminourea compound, was used in the same way as in
Example 14 for spinning and film-making to obtain a yarn
of 40 denier and a film of a thickness of about 100 um.
Table 8 shows the results of the measurement of the
25 physical properties of the obtained varn. Table 9 shows

the results of the measurement of the physical properties
of the film.



30 a'preci pitate was forned. After the end of the dropw se

addition, the solution continued to be agitated for one hour at
room tenperature. The™precipiiate-was-filtered, . ... then washed with
tetrahydrofuran, and dried at room %errperature under reduced
pressure. Three hundred grans 35 of a iTe powder, that is, conpound
(A), was obtained. Yi el d: 95% Mel ting
point: 179 to 18ierri€ 29~
The infrared absorption spectjrum of} this gonpoupd is shgwn in Fig. il
i .
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Sixty grans of the conpound (A) obtained in Ref erence Exanple 1 and 400

g+of ethyl enediamne (i.e., "EDA") (nelting opint 116 [err]C) were
agitated in a round ™ bottomftask-witt—a distillation tube and slowy -
heated. 10 The conpound (A) conpletely dissolved in the
et hyl enedi am ne, which then began to boil. After "about 10 m nutes, the
tenperature of the top of the distillation tube was 60 to 70[err]C,
close to the boiling point tenperature of the ethyl enediam ne, and a
distillate 15 began to run out —After 22 1 g of distill that is,
the theoretical run-offf of diethylanirfde, fan pff,| the top tenperature
becane 114 to 118[err]iC (liquid tenperfabujesrof « | «~ 116 [ @ HJ20[err] C), near
the boiling point of thé §d'|*et hyl gnfng. < AL tHi 'S §itrel “t He heating was
st opped and 20 t he spkuteons was suffjici éntly cdol ed, then {t he reaction
solution was dried under—Teduted presyurelat—pofari¢€ (laspirator 12
Torr). The result was wgshed by tetr&hyd*of ranjand]filjtered, then the
result was dried- urder rpduced priegsyreg atg riogmitgnpetature by a
vacuum 25 punp, whergypon 48 g of tﬂe whi t ef powder fof ¢onppund (1)
was obt ai ned. i 8| d* 85% Mel {i ngj point: 288 to
306[err] C ~
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The infrared absorption spectrum the [err]H NVR 30 spectrum and the
FABVS spectrum of this conpound are showmn in Fig. 2, Fig. 3, and Fig.
4, respectively. The neasurenment of the FABMS confirnmed that the

nmol ecul ar wei ght was 370 (Fig. 4).-FRrther, in the-infrared
absorption spectrumof Fig. 2, the absorption (1081, 1165 35 cnerr])
derived fromthe tertiary am ne seen in the I nfrared absorption
spectrum (Fig. 1) &% Yh%fc%ﬁpﬁﬁﬁﬁrFE?Od fromgrahppeaBedndud t hehyaxn
pgocedure Oziggg”ﬂiﬁmlobtﬁﬂned bg Fhe prﬁsent invention are - 38 -
absor ption err derive romthe p appear e
and |P was s#ﬂﬁﬂn?$l?u? LBRECYRE {1 S %§lnglnessfdﬁaﬁFn85F§§gE ound, was
produced. FurdlesticnckagacBeristics, taad heazhoeBikRahbe bumpaied3|gnals

of CH[ erg] 1w119{|[ 'Eﬂé] knhown art.
Example 17

A 400 part by weight amount of a copolymer diol (NPG
content of 12 molar percent and number average molecular
weight of 2074) of tetrahydrofuran and NPG and 83 parts

10 by weight of MDI were caused to react in a nitrogen gas
atmosphere at 70°C for five hours with agitation to
obtain an intermediate polymer having end isocyanate
groups. Next, this was cooled to room temperature and dry
DMAc was added to make an intermediate polymer solution

15 of a concentration of 40% by weight.

Next, a DMAc solution containing 7.91 parts by
weight of EDA and 1.01 parts by weight of DEA was added
to the vigorously agitated intermediate polymer solution
to obtain a polyurethaneurea solution of a concentration

20 of 30 percent by weight.

Next, 4.9 parts by weight of the stabilizer A was
added and mixed with agitation.
Further, a DMAc solution containing 2.55 parts by
weight (A/B=0.5) of the compound (1}, that is, the
25 diaminourea compound used in the present invention, was
added, mixed, and deaerated to obtain a spinning
composition of a concentration of 30% by weight and a
viscosity of 3700 poise/30°C. -
This was used for spinning in the same way as with
30 Example 14 to obtain a yarn of 40 denier. Table 10 shows

the results of the measurement of the physical properties
of the obtained yarn.

Comparative Example 11

Known Art: Example of Addition of Known Aromatic
35 Diurea Compound Similar to Compound of Present Invention
' The same procedure was followed as with Example 17
except that instead of the 2.55 parts by weight of the




5 NH are seen at 2.6, 3.05, 3.74, and 6.19 ppm show ng t he
structure of a conpound (1) with one am no group of EDA connect ed
by urethane bonds. Exanpl e 2 Exanpl e of

Synt hesi s of Conpound (2) (Previously 10 Mentioned Chem cal Fornul a
(X)) - Using the sane nethod as in Exanple 1 but using 494

g of 1,2-propyl enediam ne instead of ethyl enedi am ne, 44 g of the
conmpound (2) was obtained. Yield: _ 73% 15 Mel ting point:
292 to 297[err]C Figure 5 &fotis the infrared spectrumof this
conpound. In the same way as with the infrared spectrum of

t he d (G3) j rfi '

di sappear ed g|8g: gg\s}&viat Aﬁﬁhg%&%gm&&@gxngﬁpﬁ%f ot ﬂa}f“ﬁ%ggﬁ’r p%ig%

(1560 cnf er r P) o&f thige }powm apmpaund SiRuasaed fig chemical fo@@ula ycture of
the conpound (¢ ryasashedded. Table IR Adiixid ust Ufige Of the

conpound (2) was onfirmed by .observing the mcal shift of a
mothyl ene ~ MEIEUIEMERE Rk (the, BV THGA GRGRFERLES © Ty BRI RRS
det er mi n&ti ogarn. Exanmpl e 3

Comparative Example 12

Example of NQ Addition of Diaminourea Compound

The same procedure as in Example 17 was performed
except without the addition of the compound (1), that is,
10 the diaminourea compound, to obtain a spinning
composition of a concentration of 30% by weight. This was
used for spinning in the same way as in Example 14 to
obtain a yarn of 40 denier.
The results of measurement of the physical
15 properties of the obtained yarn are shown in Table 10.

[P PO P LY P




Exanpl e of Synthesis of Conpound (3) (Previously Ment i oned
Chem'cal Formula (X)) 30 Ten grans of the conpound (A) obtained
i n Reference Exanple 1 and 58.7 g of 1, 6-hexanet hyl ene-di am ne

wer e -+ added to 200 g of xylene. In the sane way as with Exanple

1, the solution was heated, cool ed, and driedgander reduced
pressure, then the result was washed with water 35 and tetrahydrofuran
and filtered, then dried under reduced pressure to obtain 9.74 g
of the compound (3). Yi el d: 80%

- 31 - Nblting poTTIt—287
i nfrared absorption spegtrum of

a2
Lo
o

0 -

tfe

] Figure 6 shows the
hi conpound.
o ~
~F

—
nNO

e L d
o«y @

Heat
rate

Residu

-al

strain
19

2002
1.99
1.68
1.55

Tenslon

100%
&
1.01
0.81
6.77

tion
z
665
640
662

Breakage

Strength Elonga-
73.5
69.9
68.5

Table 10

47.5
6

strength
g
65.0
58,

Knot

Ultimate

filament
107
3.7
1!8

denier

Fiber of Example 17
Fiber of Comp.Ex.ll
Fiber of Comp.Ex.12




In thé sane way as with the infrared spectrum (Fig. 5 2) of the conpound

(1), the absorption of the tertiary am ne di sappeared along wth the
procedure of Exanple 3, absorption (1560 cnferr]) of the primary am ne
appear ed, and the structure of the conmpound (3) was shown.

Ref erence Exanple 2 10 Exanpl e of -Sgaéthesi s of Conpound (B)

(Fol I owi ng Chem cal Formula (XIV)) [err] (XIVv) 15

(Conpound (B)) The same procedure was performed as_in Reference

Exanpl e 1, except timatthige wags. rfdife Rifest drofendtiign i swf Ebhbenthgt ead
of--the di et hybamiene iive RefAT Widh BEHN® made bf téﬁi&ﬁb&ﬁﬁéﬁ'd‘i@ﬂ 8p5 g of

e AoV e sroB By U 0 as the mathlad for tnd®®
polyurethaneurea polymer.
5 Examples 18 to 22
5.0 part by weight amounts of the stabilizer A were

added to 30 percent by weight concentration
polyurethaneurea solutions obtained by the same method as
in Example 14 and were mixed with agitation. Further, the
10 amounts of the compound (1) shown in Table 11 were added,
mixed in, and deaerated. The same procedure was performed
as in Example 14 to obtain films having a thickness of
about 100 um. The results of the measurement of the
physical properties of the films are shown in Table 11.

—— e e r——



25 The infrared absorption spectrumof this conpound is shown in

g 7. Exanpl e 4 Exanpl e of Synthesis of Conpound (1)
The sane procedure was perfornmed as in Exanple 1 30 except for use of 51.8
g of the conpound (B) obtained in Ref erence Exanple 2 instead of the
compound (A) in Exanpl e 1, thereby obtaining 3% g-.of the conpound (1).
Yi el d: 66%" Melting point: 290 to 309[err]C 35 The
i nfrared absorption spectrumof this conmpound is shown in Fig. 8.
In the infrared absorption spectrumof Fig. 8, the
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absoYption (1234 cnferr]) derived fromthe urethane bonds seen in the
(nfrared absorption spectrum (Fig. 7) of the conpound (B) di sappeared
due to the procedure of Exanple 4, th 6atg_sorption (1571 cnferr])
derived fromthe primary 5 am ne appeared, and it was shown that the
conpound (1), a dianinourea conmpound, was produced. Ref er ence

Exanpl e 3 efgiméffy@t hgsi 8a 06 £08PPNEdLE Bl r ( ERLLAW BE
Chem cal Fornmula (

( Conpound (CD)CQEPg“g& [l) ?@ﬂ?@tu?%do? ?BdbcﬁFeﬂléPéy%aﬁ?ﬁeaﬁﬁHnﬁooﬁ of
tetrahydrofuraﬂumaﬁoﬁgfﬁﬁtedonﬂlaa&ﬂﬁenhsEﬁleaﬂﬁyﬁé prodhk@sikn bt @hkehi s,
B2 0l L RS ABS YA ey 758 BB, Togpshehs o of uran
Af ter 5 As will be understood from Table 11, the desired
effect is seen if the amount of the diaminourea compound
added in the present invention is 0.0055A/B<3.0, where
the molar amount added is A moles and the molar amount of
the monofunctional amine used in the production of the
10 polyurethaneurea polymer added and mixed in is B moles.
Next, examples will be shown of the analysis of the
distribution of the molecular weight of the hard segments
of the polyurethaneurea using the diaminourea compound of
the present invention as a chain extender.
15 Note that the measurement of the liquid
chromatography described in the Examples was performed
under the following conditions:

Apparatus: Shimadzu LC-6A
Solution: DMSO (LiCl 0.02M)/Liquid
20 chromatography tetrahydrofuran 3:4
Flow rate: 0.6 ml/min
Column: ¥MC AM-313 (ODS) x 3
Column
temperature: 50°C
25 UV measurement
wavelength: 290 nm

Example 23

A 30 g amount of DMAc was added to 5 g of

polyurethaneurea solution of a concentration of 30% by

30 weight obtained in Example 6. This was agitated and 90 g
of methanol was added dropwise. The precipitate was
filtered by a glass filter (3G4) and was washed on the
filtexr by methahol..TO remove the DMAc in the obtained
solids, the solids were immeréed a day and night in 150 g

35 of methanol, then were filtered by a glass filter (3G4),
washed with methanol, and vacuum dried at 80°C for two
hours, to obtain about 1.5 g of solids of




-

the end of the dropwi se addition, the solution continued to be agitated
far one hour at roomtenperature. Thirty m of tetrahydrofuran was
added, the precipitate was filtered and was washed with tetrahydrofuran
-and then 25 dried under reduced pressureggt roomtenperature. A 8.11

g anount of the white powder of the conpound (O was obt ai ned.

Yield: 57% Melting point: 129 to 130[err]C 30 The infrared
absor pti on spesiimnmrethaibesrempnpound i s shown in Fig. 9.

nd (D
and compound "~ (I TES I BREWE QR AIEI L ot B ARG Forids ()
- 33 - [err] was taken in an Erlenmeyer flask, 10 ml of 60% perchloric

' acid was added, and treatment was performed at 60°C for
5 34 hours with occasional agitation.

When the treatment by the perchloric acid ended, the
solution was cooled to room temperature and was flushed
_into a beaker by 150 ml of ion exchange water to
precipitate the hard segments. The precipitate was

10 filtered by a glass filter (3G4) and fully washed on the
filter by ion exchange water. Further, it was washed by
50 ml of 1N sodium hydroxide aqueous solution and fully
washed again by ion exchange water. The washed
precipitate was vacuum dried at 80°C for two hours and

15 the hard segment portion of the polyurethaneurea polymer
was obtained as a solid portion. The yield with respect
to the theoretical value is 93%.

The avearage molecularmweight of the hard segment

was determined based upon the integrated intensity ratio

20 of methylene group sandwiched by the benzene rings
according to a 'H-NMR measurement. As a result, the
average molecular weight of the hard segment of the non-
.treated polymer was 935 and the average molecular weight
of the hard segment of the treated polymer was 934.

25 The obtained solids were made a 0.1% solution using
a DMSO-tetrahydrofuran solution which was passed through
a 0.45 pym filter for use as a liguid chromatography
sample. A 20 pul amount of this was iﬁjected by a
microsyringe and the measurement was performed under the

30 above-mentioned conditions.

The same measurement was performed for the polymers
of Examples 6 ta 9 and Comparative Examples 1 to 5 to
obtain liguid chromatograms. The results of these
measurements are shown in Figé. 26 to 34. From these

35 charts, the ratios of the hard segments with different

molecular weights were found by vertical division. The
results are shown in Table 12.
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(XVI) 5 (Conpound (D)) [err] 10

&XVI 1) : ' (Conpound (E)) - | nstead of the
8.24 g of mxylylene diisocyanate in 15 Ref erence Exanple 3, use was nade
of 7.62 g of toluene- 2,4-diisocyarat® i-n Reference Exanple 4 and 9.72
g of | sophorone diisocyanate in Reference Exanple 5. For the
- Table 12
Example Comp. Ex.
6 7 8 9 1
Compound (1) 100 75 50 25 0
/EDA /0 / 25 / 50 / 15 / 100
(mol%/mol%) .
Peak Pl 12% 23 29 39 52
area
ratio P2 53% 49 48 41 35
P3 13% 15 14 14 10
P4 22% 13 9 6 3
Comparative Example
2 3 4
Peak Pl 23 35 37 41
cario | P2 28 34 31 36
P3 21 18 17 15
P4 28 12 14 8
20 From Table 12, it will be seen that along with an

increase in the ratio of the compound (1) of the present
invention in the chain extender when the compound (1) is
used as the chain extender (an increase of the average
molecular weight of the hard), the peak area ratio of P2

25 (corresponding to U4 hard) increases and the peak area
ratio of Pl (corresponding to U2 hard) decreases. In a
polymer synthesized by the corresponding EDA and MDI
'without the use of the compound {1); along with the
increase in the average molecular weight of the haxd

30 segments, the peak area ratios P3 (cnrresponding.to U6
hard) and P4 (corresponding to U8 hard) increase. That
is, the distribution of the hard segments of the polymexr
using the compbund {1) of the present invention is
considerably sharper than the distribution of the polymer

35 synthesized by EDA and MDI. Furthermore, the presence of
the Pl and P3 in the peak area ratio of the hard segment
analysis of polymer in Example 6 is considered to be due

P R R




rest of the procedure, the same procedure as in Reference Exanpl e (3)
was perfornmed to obtain 10.81 g and 10.94 g 20 of the white powlers of

conmpounds (D) and (E). Conmpound (D) Yield: 77%

Mel ting point: 164 to 167[err]C - g9 -Conpound (E) 25 Yi el d:
67% Melting point: 156 to 157[err]C The infrared
absorption spectruns of these conpounds are shown in Fig. 10 and Fig.
11. tReteeennelxnopl ef6a Blace ambuampb€é BDASYnt hbei s of Conpound
(F) (FO||OMAg&mpoundChEglg ﬁgornula (XVI11)) [err] (XVII1)

Instead of the 8.24 g of the
n}xylylene d||socyan§h§r, the physxcal properties corresponding to

the polyurethaneurea polymers with the different area
5 ratio of P2 of Table 12 {seconds of heat breakage and
tension after heat treatment) are extracted from Table 4
and Table 5 and shown in Figs. 35 and 36.
From these figures, it will be understood that the
if the area ratio of P2 is more than 40 molar percent of
10 the whole, superior physical properties (seconds to heat
breakage and tension after heat treatment) are shown.
Example 24

The hard segment analysis data of polyurethaneurea
elastic fibers now on the market are shown below.

15 The samples used are Lycra T-156C (DuPont) and
Opelon T-127C {Toray-bDuPont) and the samples were
subjected to a pre-extract treatment with acetone and
.toluene in a Soxhlet extractor. Then, the treatment with
the perxchloxic acid and the chromatography determination

20 were carried out in the same manner as in Example 23.

The results are shown in Figs. 37 and 38. Furthermore,
the determination results of the fiber obtained in the

same mannexr as in Example 6 of the present invention are
shown in Fig. 39.

25 As is clear from these results, the polyurethaneurea

according to the present invention is definitely new
type, because the Pl peak area ratio and P2 peak area
ratio of conventional polyurethaneuréé elastic fibers are
46~51% and 32-35%, respectively, whereas the Pl peak area
30 ratio and P2 peak area ratio of the present invention are
15% and 50%, respectively.
Industrial Applicability

The compound of the present invention is useful as a

diamine starting material for resins {polyurethaneureas,

35 polyamides, polyimides, polyureas) and curing agents for
epoxy resins. In particular, it is a novel diaminourea

compound useful as a chain extender of a shaped article
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- 34 - I n Reference Exanple 3, 8.00 g of hexanet hyl ene

disi socyanat e was added. The rest of the procedure was the sane as in
Ref erence Exanple 3, but after the end of the agitation, agitation was
performed for one hour at room5 tenperature, then a tenperature of
50[err] C was applied by an evaporator to renove the unreacted
di et hyl am ne and tetrahydrofuran. A 15.00 g anount of white powder of
t he conmpound (F) was obtai ned. Yield: 100% 10 Mel ti ng
point: 107 to 110[err]C , The infrared spectrum of this conmpound is
shown in Fig. 12.

) - 70 -

{for example, elastic fibers and film) of a high heat
resistance polyurethaneurea resin. In accordance with the
process for proﬁuction of the present invention, it is
‘possible to produce the compound at a high purity and

5 high yield. Further, if the compound of the present
invention is used as a chain extender, it 'is possible to
control the distribution of molecular weight of the hard
segments and the polyurethaneurea which is produced is
vastly improved in the heat resistance. Since the

10 polyurethaneurea elastic fiber according to the present
invention has a high heat resistance, it is possible to
knit with polyester fiber to be dyed under the polyester
dyeing condition at 130°C.



Ref er ence Exanpl e 7 Exanpl e of Synthesis of Compound (§

Following 15 Fornulae (XI X)) [err] (XTEQSheetHasBeenR
(Compound (G) 20 The same procedur¢i;was perfornmed in
Exanpl e 3, except that 8.49 g of dicycl ohexyl nethane dM’ m
used instead of 8.24 g of mxylylene dii socyl anate in
Exanpl e 3, thereby obtaining 7. 84 gLefivghe conpound (G in the state
of white powder. 2 YleI Mel ti oi nt: 150
157[err] C tj“’I’he i'h aafngd‘%‘b'fe%ﬁ r ol%quurﬁ] rgavc}tﬂgpor%}]eg é(‘ﬁm? asﬁ%&h
in Fig. 13. The diisocyanate conpounds and secondary am nes used
30 as starting conpoundsgyfgr theconpounds (A) to (O synt hesi zed in
Ref erence Exanples 1-7 arg showy iin Tabl e 1.

5 HZN—-RI-N%N—RZ—N%N——RVNHZ (I}

0 0

wherein R; and R, are independently a straight or
_branched alkylene group of having 2 to 8 carbon atoms, an
alicyclic alkylene group having 6 to 15 carbon atoms, a
10 phenylene group, a C;-C; alkyl-substituted phenylene

group, a C,-C, mono- or di-alkylene substituted phenylene
group, or a methanediphenylene group.

2. A process for the production of a diaminourea
compound expressed by chemical formula (I) according to

15 claim 1 characterized in that a diurea compound expressed
by the formula (II);

R
Ri;NﬁN—RS-N%NiRs (II)

20 R, O 0 R,
wherein, R;, R,, Rg, and R; independently represent a
straight or branched alkyl groups having 1 to 4 carbon
-atoms, Rs represents a straight or branched alkylene
group having 2 to 8 carbon atoms, an alicyclic alkylene

25 group having 6 to 15 carbon atoms, a phenylene group, a
C;-C; alkyl-substituted phenylene group, a C;-C; mono- oOr
di-alkylene substituted phenylene group, or a

methanediphenylene group and a diamine compound having
the formula (IXII);

30 H,N-Rgs—NH, (III)
wherein Ry represents a straight or branched alkylene
group having 2 to 8 carbon atoms, an alicyclic alkylene
group having 6 to 15 carbon atoms, a phenylene group, a
C,-C, alkyl-substituted phenylene group, a C,;-C, mono— ox

35 di-alkylene substituted phenylene group, or a methane-
diphenylene group are allowed to react.

3. A process for production of a diaminourea
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compound having formula (I) according to claim 1-

- 72 -

characterized in that a diurethane compound expressed by
the following chemical formula (IV):

: .
R9~0%N—R,°—Nﬁo—n,, (IV)
0 o

wherein Ry and R;, independently represent a straight ox
branched alkyl group having 1 to 4 carbon atoms,

10 cyclohexyl group, phenylene group, or straight or
branched C,-C, alkyl-substituted phenyl group, R;,
represents a straight or branched alkylene group having 2
to 8 carbon atoms, an alicyclic alkylene group having 6
"to 15 carbon atoms, a phenylene group, a C;-C, alkyl-

15 substituted phenylene group, a C,~C, mono- or di-alkylene
substituted phenylene group, or a methanediphenylene
group and the diamine compound having the formula (V)

H,N~Rg-NH, (V)
wherein Rg represents a straight or branched alkylene

20 group having 2 to 8 carbon atoms, an alicyclic alkylene
group having 6 to 15 carbon atoms, a phenylene group, a
C,~-C, alkyl-substituted phenylene group, a C,-C, mono~ or
di-alkylene substituted phenylene group, or a
nethanediphenylene group are allowed to react.

25 4. A process for production of a polyurethaneurea
comprised by allowing an excess molar amount of organic
diisocyanate to react with a polymer diol having a number
average molecular weight of 500 to 100,000 to synthesize
‘an intermediate polymer having an isocyanate group at its

30 ends, then allowing the intermediate polymer to react
with a bifuncticnal diamine compound, wherein thé
diaminourea compound according to claim 1 is used as a
part ox all of the said bifunctional diamine compound.

5. A process for production of a polyurethaneurea

35 by heat treatment of a compound obtaining by adding, in
an amount satisfying the following equation (1), a
diaminourea compound according to claim (I} to a

A, 0 N Eﬂs ST S B
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Exanpl e 5 Exanpl es of Synthesis of Conpounds (4). to (13) of

Present | nvention (Follow ng Formulae (XX) to (XXIX) [e(rg (XX)
(Conpound 4) [err] (XX1) (Conpound 5) [err] Thﬁlll‘iiﬁfllii'ilﬁmnliilelilird
- 73 -

10

15

20

25

an amount satisfying the following equation (I}, a
diaminourea compound according to claim (I) to a
polyurethaneurea obtained by allowing a reaction of an
excess molar amount of an organic diisocyanate with a
polymer diol having a number average molecular weight of
500 to 100,000 to synthesize an intermediate polymer
having an isocyanate group at its ends, then allowing the
intermediate polymer to react with a bifunctional diamine
compound and monofunctional amine compound.

0.005sA/B<3 (1)
wherein A is the meolar amount added of the diaminourea
compound according to claim 1 and B is the molar amount
of the monofunctional amine used for the production of
the polyurethaneurea polymer.

6. A polyurethaneurea wherein, when producing a
polyurethaneurea by allowing a reaction of an excess
molar amount of an organic diisocyanate with a polymer
diol having a number average molecular weight of 500 to
100,000 to synthesize an intermediate polymer having an
isocyanate group at its ends, then allowing a reaction of
a bifunctional diamine compound with the intermediate
polymer, the ratio of area of the peak corresponding to
the hard segment having four urea groups, analyzed by the
liguid chromatography analysis of the hard segment set

forth in the specification is at least 40 percent of the
total.

) 0 " e




(XXI1)  (Conpound 6) [err] (XX 11)  (Conpound 7) [err]
(XXI'V) (Compound 8) [err] ( XXV) (Conmpound 9)
- 74 .
ABSTRACT

Aromatic Diaminourea Compound and Process for Production thereof

A diaminourea compound having the formula (I);

5 HH HH

I | 1
HzN"Rl*NﬁN"Rz"N%N-RI—NHZ ( I )

wherein R; and R, are independently a straight ox
10 branched alkylene group having 2 to 8 carbon atoms, an
alicyclic alkylene group hawving 6 to 15 carbon atoms, a
phenylene group, a C;-C, alkyl-substituted phenylene
group, a C,-C, mono- or di-alkylene substituted phenylene
.group, or a methanediphenylene group, and a production
15 process thereof as well as a high heat resistant ‘

polyurethaneurea derived therefrom and a production
process thereof.

-

{figure 2)
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(XXVIT1) (Conpound 12) [err]
(Compound 13) 10 ‘The conpounds (v SReetHds @E«
e

. Ref erence Exanples 1 and 3 to 6 and varl

diiahi nes were charged into Erlenmeyer flasks W|th es
attached in the conbinations and unts shown in Ta n were
slowy heated while 15 agitating the 3'7'he conpounds (A and (O to (G)
di ssolved in the diam nes, which then began to boil.
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After about one hour, the heati ng was stopped, the sol utions were

sufficiently cooled, then 60 mM anounts of t et rahydr of uran were added
to cause the reaction products 20 to precipitate. These were washed and
filtered with t et rahydr of ur an, thy dri ed under reduced pressure at
roomtenperature by a vacuum punp, whgB&upon white powders of the .
éﬁppounds wer e obtained. The infrared absorption spectruns of_the
conpounds are shown in 25 Fig. 14 to Fig. 23. - 38 [err]
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-39 - . Next, Exanples of the use of the diam nourea conpound

of the present invention for a chain extender =~ wll be shown.
te that the nmeasurenent of the physical properties 5 described in the
anpl es was perfornmed by the foll ow ng met hods: 1)
Br eaki ng Strength and El ongation at Break These were
nmeasured by a tensile tester ( ntec Co. UTMI11-100) under
conditions of a 10 t enper at ure of O?err]C and a hum dity-9ks 65 percent.
A test yarn or 2 ﬁﬁTVTﬁ@‘fEtT*TfTﬁTﬁﬁ?‘§€f‘ﬁn*—***"ﬁhé“fes1g%ggripped at an
interval of 50 mm then was pul l ed at a deformation §p of 1000
percent/ m nute until breaking to neasure the stress gt the break
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15 (strength) and the élongation (Y%with respect_to original.

| ength). Note that the stress of the test filmwas corrected to the
sjress per sectional area. (For the cor r ec{Thi§ BheetrH enent
al ue after heat treatnent of the film use e val ue of
the sectional 20 area of the filmbefqe heat tr 2)
Resi dual Strain and Tension At Recover%%? Test pieces were set
in the tester in the sane way as W measur énent of the breaking
strength and the el ongation at break, the pieces were pulled a e;&%i
deformati on speed of 1000% m nute, the elongation was st opped J00%
then the pieces were allowed to recover i medi ately at a recower)
speed of 1000% mi nute. This was repeated three times, the resses
(tension) at el ongati ons of 100% and 200% at the tine of t t hi {dE30
recovery were neasured, and the residual strain at the ti af
tension of 0 was neasured. Note that the stress of the tes m was
corrected to the stress per sectional area. (For the correcttsan ¢f the
measur enent val ue after heat treatnent of the film use was nadp| of
35 the value of the sectional area of the film before heat o
treatnment.) In the case of a yarn, if one yarn is used for theN\L O
nmeasur enent, the neasurenent val ue becones too =,
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- 40 - ’ small, so five yarns were neasured together and-that val ue

used as the neasurenent value. Further, when . ' piece in
the tester after heat treatnent, t he pointérh ﬁ£ﬁh§g“ﬁ e a%%%re t he
treatnment are gripped 5 as they are and the pi 0 mMm

I At erval . - 3) Heat Treatnent treatment was
ﬂgrforned by a high t enperat ure hi pressure dyei ng machi ne (Ni ssen
Cor poration Type 12LMP-E). The 50 mm portion of the test 10 yarn or 2 nm
wide test filmto be treated was el ongated 80%to 90 mm the i£ﬁ§¥sed
Iin ion exchange water in a pot in the dyeing machi ne and gat el 1O
there. The
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v

t.reatnent conditions were an increase in tenperature of—--- -.
2.5[err]C/minute froman internal tenperature -ﬁ,ﬁssﬁgﬂggsrﬂe 15 _hol di ng at
130[err] C for three hours, then cooling and ressure. The

tlest pi eces taken out fron1the dyei ng nach ried one day
and night in an - at nosphere of at eratur and a hunldlty
of 65% and then the physical proéggp es were neasured 20
Heat Set Rate The strai’n used by the heat treatnent mas
measured and the ratio (% with respect to the |ength of elonoatgﬁg
(40 mm) before the heat treatnent was used as the heat settiT .
25 Heat setting rate (%9 = {(l-I[err])/(I[err]-1[err])} x 100
= {(1-50)/40} x 100 I[err]: length of sanple (50 mm) -

| £ heof

I[err]: -length of sanple after elongation (90 nm | :

sanple in rel axed state after heat 30 treatment (mm O
Strength Retention Rate The ratio (% of the

strength after heat treatment to the breaking strength at
treatment was used as the strength retention rate. 35

retention rate (%9 = (Tsal/Tsb) x 100 o
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Tsa: breaking strength after heat treatnent (Q) Tsb: . br eaki ng
brength before heat ‘treatnent (9g) -

41 Seconds of Heat Breakage A 140 mmtest
portion of a t dni de test filmwas el ongated 50%to 210
?nt then was t a 180[ ry] C heating el enent (approxi mately
) conta t he nu of seconds until breakage was
neasured Exanpl e 6 anpl e of Production of
Pol yur et haneur ea Usi ng Di am nour ea Conpound Used in Prese Invet%gon
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* (Met hyl enedi - 4, 1- Phenyl ene Bis(2- (Ethyl ani no)-Urea))
'(Fbreinafter Referred to as Cbnpound (D) Four hundred parts by’
" wei ght of "a“copol yner di ol t et rahydr of uran and neopentyl gl ycol
(her ei naf t s SRdeCHds Ben ﬁaceﬂo as NPG (NPG content of 10 nol ar% nunber

ﬂﬁ E ﬂht of 178 nd 80.8 parts by weight of M
t 00

average 15

“mére caused nitrogen phere at 70[err]C for five
hours with a tain an internedi ate pol ymer hayi ng

i socyanate groups. Next, this was cooled to roomtenperatgre aﬁé dry
di et hyl acet oam de 20 (hereinafter referred to as DMAC) was ,added o nake

a 40 percent by wei ght concentration internediate poly
sol ution. Next, a DMAc solution including 3.87 par by el ght
of diethylamne (hereinafter referred to as DEA) was 25 ang Ehe
result was agitated for a while, then the i nt er nedi at ynmer} O
solution was cooled to -20[err]C, a DMAc sol ution contaifing 46.5
parts by wei ght of the conpound (1) used in the present inyent{ion was
added to a vigorously agitated intermedi ate pol yner solutipn, jthen a
30 30 percent by weight concentration pol yurethaneurea | utfi@n was
obt ai ned. Next, 5.1 parts by weight (correspondin 1%
) —
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meidﬁt with respect to the polymer solids) of a condensati on product
.of p-cresol and dicycl opent anedi ene 35 and isobutene of a nol ecul ar wei ght-

of about ZSUﬁsﬂwﬂfhs e fter referred to as the stabilizer A was added
as an anti ox by agitation to obtain a
42 - sition of 0°oby wei ght concentration and a -

g? §cosity of 2700 p0|se/30[err]C 37 This was supplied through an
orifice to a dry type spi nni ng nachlne with a hot air tenperature of
270[err]Cto 5 obtain a yarn of a 40 denier. DVAC fﬁug?er
added to the 30% by wei ght o
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‘coﬁéentrétion spi nning conposition to nmake the concentration 20% by
. Weight, then thi's Conposition was deaerated and cast on a glass plate
using a 0. 689 icator. This was dried at 70[err]C for 16 hours to

0 n.anpl
obtain H ! kness of about 100 [err]m The filmwas cut
l-Ato 2 nmvmﬁl lmﬂ ll s sanpl es f measur enent of t he physi cal
fhroperti es. e 3 shows results of nmeasurenent of the 15
physi cal properties of the obtained fiber. Conparativeg Exapple 1
Exanpl e of Use of Conventional, Known Et hyl enedi am ne (Her ina#&ir
| fventi on

Referred to as EDA) Instead of Conpound (1) Used in Prese
20 The sane procedure as in Exanple 6 was perforned exgept that

instead of the 26.5 parts by wei ght of the conmpound (1) Exgnpl e 6,
t he same nol ar anmount "of EDA, that is, 4.31 parts by weighl, va
added, whereby a yarn of 40 denier and a filmof a thick s df “hbout
100 [err]m 25 were obtained. ' Tabl e 3 shows the resul%}s qf the
measur enment of the physi cal properties of the obtained yar
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‘pol yur et haneur ea using the diam nourea of the present
‘chai n extender

strength

As w ||

ting rate
i’am ne (EDA

Conmpound
Toget her
conpound
ext ender
. mxture
conpound
conpound

this, the sanme procedure
of 20 thicknesses of. about 100 [err]m were obtained.

be understood from Table 3, the

i's superl or.

in the seconds
Qr heat 5 t

I €18 ¥hbd Nad fak
th the cqge of use of t he conventlonal known
'nﬂl anples 7 t 3@
(D) t 10 | nventi on and Known Di am ne Msxed

use was nade of a m xtur

In Exanmples 7 to 9,
(1) and the known bifunctional

and pol yneri zation was perforned with
i nstead of the 26.5 parts- by weight

15 That

is,

reat nent,

t he tension,

of heat breakage,

invention as a
t he

and t he heat

Exanpl e of weof

di ami ne, EDA as a

(1) in Exanple 6, m xtures of the sanme nol ar
(1) and EDA (anounts shown in

Table 4) were add
was perfornmed as in Exanple 6, whe

di fferent

ra

tH
os Jof
f tihe
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Tabl ¢ 4 shows the results of measurement of the physi cal properties of
the resultant filns. Table 4 also shows the results of neasurenent of

t he physicaT'““—“"properties of the filns obtained in Exanple 6 and 25
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- 45°- Jerr]
i nventi on, whet her used al one

di ami nour ea conpound used in the present
results in the najor effect of

or togetﬁET“WTTﬁ“é knomm - di am ne,
resi stance (seconds of heat breakage, strength

roverrerq;hls h
betentlo cotHas Ek after heat g reat ment, heat setting rate).
F| gure 25 aH"n[,m"Hﬂ graphs show Ag7t he seconds
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of heat breakage and tension in Table 4. Fromthese "= —graphs, it will be

unfferstood that even with a small 10 nmolar §gié ] re of the
di am nour ea conpound, an effect is exhibit s etk kmaﬁt of the heat
resi,stance, and with a preferabl e nolar ratioJ " ﬂ reof at | east

S

10%'and nore preferably at |east 20%; g exhi bited. 15
Conparative Exanples 2 to 5 npl es of Use of Equal Mol ar
Amounts of MDI and EDA Constituting Conmpound (1) Instead of Conpound
(1) I nstead of the conpound (1) in Exanples 6 to 9, M oand
EDA, constituting the conpound (1) (the 20 conpound (1) bei r“géd of
one nol ecule of MD and two nol ecul es of EDA), were added aschain
ext uder corresponding to the amounts of the conpound (1) us®d in
Exanples 6 to 9 so as to polynerize the pol yurethaneur ea. Tﬁgt
is, the anbunts of MDI shown in Table 5 were 25 additionally added ane
di ssol ved, as additionally added MDI, in 40 percent by ht
concentration internediate pol ymer sol uti ons obt ai ned me
met hod as in Exanpl e 6, then DMAc sol utions containing 3. rits by
wei ght of DEA were added, the results were agitated for a 30 whil t hen
the internedi ate pol yner solutions were #é%
o
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cooled to -20[err]C and DMAc sol utions including the anpbunats - of EDA

shown in Conparative Exanples 2 to 5 of Table 3‘ were added to the
vigorously agitated internedi ate pol yrer 5 n 30% by
tght concentration 35 polyurethaneurea solut u Next ,
amptnts of the stabilizer A corresponglijpg to ol ymer solids
were added and the m xtures were 7
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- 47 - m xed with agitation. These were used to prepare filns

I-n" the sane way as in Exanpl e 6, wher eupohhi «thmﬂw h@ﬂkness of
about 100 [err]mwere obtained. Table 5 sh of 5
nq?iurenent of the phyS|caI propertles of the Ins are shown

able 5 48 - [%}5%
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From t he viewpoint that one nole of the conpound (1)

- 49 -
corresponds to one” nol e of MDI and two noles of EDA, Conparative
EDA corresponding to the

Exanpl es 2. ORI ks d anounts of MD and
apount s o?hl AEHC 5 added in Exanples 6 to 9. Further,
correspondeq%Exarrpl e 6, Conparative Exarrp! e 3

Cbnpar ati v H
tive Exanple Exanpl e 8, and Conparative

to Exa
Exanple 5 to Exanple 9. Conparing use of the conmpound (1) and use of
MDI and EDA, the use of the 10 diam nourea conpound used in e presLeg
i nvention clearly inproves the heat resistance (seconds)of heat [ 5
breakage, strength retention rate, tension after heat
T
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treatnent) Exanple 10 15 Exanpl e of Use of

PontetranethyFenegWycol (Hereinafter Referred to as PTM5 for Pol yner
Di ol This Sheel 9l 'Bed)) ed parts by wei ght of PTMS of a number

aver age nol 1830 and 74.9 parts by wei ght of MDI were
cagsed to r Mmmlﬁ ogen gas atnpgphere 20 at 70[err]C for 5 hours,
w't h agitat’ i nt di ate pol ynmer havi ng end

i socyanate groups. Next,

the internedi ate pol yner was cooled to

10[err] C, then dry DVAc was added, to make an internediate pol y9&D
sol ution of a concentration of 40% by wei ght. 25 Next , '15#&
sol ution containing 55.8 parts by wei ght of the conmpound (1) 0. 83
part by wei ght of DEA was added into a vigorously-agitated Anterpediate
pol yner- solution to obtain a pol yurethaneurea sol uti on of T
concentration of 30% by weight and a viscosity of 3800 30 poi s¥30] ecr] C.
After the polynerization, the solution was diluted to a concettf afion
of 20 percent, 5.3 parts by wei ght of the stabilizer A was ad and
agitated, then a filmwas prepared by the sane procedure as in anpl e
spows t he

6 to obtain 35 filmof a thickness of about 100 [err]m Table 6

Fig.20
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results of the measurement of the physical properties of ~~ ‘the resultant
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Exanpl e of Use of Equal ~Mol ar Amount of EDA

Conpar ati ve Exanple 6

| nSt ead of Conpound (1) Used in Present In\,tg;g 10

The sane procedure was performed as in Exanple ﬁiﬁ a filmof a

thi ckness of about 100 [err]m except that wlmm 55.8 parts by
i ght of EDA

weinght of the conpound (1) in Exad@dké 10, 9
was added. The results of the nea ment of the physical properties of
the resultant filmare shown in Table 6. o
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u9| ng the di am nourea conpound used in the
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presént invention as a chain extender, it is possible to trenmendous|y.
iyiprove the heat resistance of- the polyurethaneurea' 5 Exanpl es
11 and 12 Exanpl es of Use of D am nourea Conpqmg@geem@d;emke laced
Present Invention (N N -(Methyl enedi -4, 1- Phenylene)Bls(Z

gg Met hyl et hyl am no) - Urea) (Hereinafyey Referred to as umu

nd N, N - (Met hyl enedi - 4, 1- Phenyl ene) B{3716- 10 (Hexyl am
(Hereinafter Referred to as Conpound (3)))) I nstead of the
conpound (1) in Exanple 6, the pol ynmeri zati ons were perforned using
t he compound (2) in Exanpl e 11 and the conpound (3) in Exanple 12.

O herwi se, 15 the sanme procedures were perforned as in Exanple 6 to
obtain filns of a thickness of apaut, 100 [er The fil s wer e
subjected to heat treatnment and as jf heir physi ca
properties in the same way as wi-th t reV|ous exanple, as a result
of which the pol yuret haneurea usi ng 20 t he conmpound (2) or the conpound
(3) was found to show a+:a superior heat resistance, in terns of the

seconds of heat kage, strength retention rate, and tension after
heat —~ treatnent3CKb e pol yur et haneurea using the conventional ,
known gli ani ne EDA. '

200 ®
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25 Conmpar ati ve Exanmple 7 Exanpl e of Pol ynmeri zati on of

Pol yur-et hane An 18.7 g anount of MDI and 100 g of PTMG (nol ecul ar
wei ght of 1830) were caused to react in a separable flask in a
niﬁiogen at nosphere at 70[err]C for five hours, with 30 agitation, to
sg- hesi ze the prepolyner. After thiss Ahis was returned to room
tenperature and 178 g of N N i Aghyl acet oam de (hereinafter referred
to as DVAc) was added to dissolve the sanme. Next, 1.04 g of EDA and
0. 28 g of DEA dissolved in 102 g of DVMAc were quickly added to 35
the vigorously agitated prepolynmer for the polynerization to obtain a
pol ynmer stock solution of a concentration of 30% The viscosity of
the stock solution at 30[err]C was 4000 .
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h 4

poi se. ) DMAc was inmmedi ately added to the stock solution to
nmake the concentration 20% then the stabilizer A was added in an

anount of 1.24 g (1 percent with respect to 5 polynmer solids) as an
antioxidant. A filmwas cast from this 20% st ock solution using a 0.600

nf appl i cator, then was dried at r]C for 16 hours, to obtain a

filmof a t hi ckness of about 100 [érY]m Exanpl e 13 10

Exanpl e of Pol yneri zation of H gh Heat Resi stance Pol yur et hane

An 18.7 g amount of MDI and 100 g of PTMS (nol ecul ar wei ght of 1830)
in a nitrogen atnosphere at

were caused to react in a separable flask
70[err]C for five hours, with 15 agitation, to synthesize the prepol yner.

After this, this was returned to roomtenperature-and 178 g of DMAc
was added to dissolve the same. Next, 6.41 g of the conpound (1)
and 0.28 g of DEA dissolved in 102 g of DVAc were qui ckly added to the

vi gorously agitated prepolynmer for 20 t he pol yneri zation, thereby
obtaining a polyner of a concentration of 30% The viscosity of the

stock sol ution at 30[err] C was 3600 poi se. In {he sanme way
as Conparative Exanple 7, the stock —
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sol ution was made 20% i n concentration and 1.25 g of the 25 stabilizer A,

corresponding to 1% of the polynmer solids, was added to prepare a
film The filnms obtained in Conparative Exanple 7 and
anple 13 were cut into 2 nm wi dt hs agp used as sanpl es for the heat
resi stance test. The heat resistance t 30 was perforned by eval uation
of the seconds of heat breakage. T e3fesults are shown in Table 7.
Seconds of heat breakage: The tinme when the sanple was pressed agai nst
a heating elenent of 180[err] C* under an el ongation of 50% until it
br oke was neasured. - 54 -
Table 7
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Sanpfé Seconds to heat breakage Hi gh heat resistance 5
polyur et hane fil m of Exanple 13 383 seconds Pol yur et hane film
of Conpar ati ve Exanple 7 85 secodns Next ,
Exanples will be shown of the case of use of 10 the di am nourea conpound
{5t he present invention as a hi gp8nel ecul ar wei ght inparting additive.

described in the

ote that the measurement of the physi @7 properties

Exanpl es was performed by the foll ow ng nmet hods: 15 1)
Utimate Filament Denier The stringiness of the spinning

conposition during spinning was eval uated by the ultimte fil ament
denier. The ultimate filanent denier was found in the foll ow ng way.
During dry spinning, a 40 denier/4 20 filament yarn was taken up once.

The speed was fixed to
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600 mMmn for three mnutes, then the takeup speed was gradual l'y

" rairsed. Wien the takeup speed at the point when yarn breakage occurred
i'n the spinning chi mey was designated as X nimin, the ultimte
firtgment denier per 25  filanment can be calculated by the foll ow ng
equati on: Utimate filanment2genier = (40/4) x (600/ X)

where, X is the takeup speed at the ti of yarn br eakage (nfm n)
The smaller the ultimate filanment denier, the better the 30 stringi ness
of the spinning conposition. 2) Knot Strength

This was neasured by a tensile tester (Oientec Co., UTMI111-100)
under conditions of a tenperature of 20[err]C and a humdity of 65%
35 A knot was made in the center of gripped portion of t he
sanple gripped at an interval of 50 nm This was

21
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.
- .55 % pull ed at a deformation speed of 1000% m nute until

bréaking to neasure the stress (strength) at break. Note that the
nmeasur ed val ue was the average obtai ned by measuring test yarns knotted
i Bhe right direction and 5 test yarns knotted in the left direction the
sane nunber of times (n=5 for eacﬁg;ahd confirm ng the breakage at
the knotted portions. 3) B eaﬁing Strength, Elongation at
Br eak, Resi dual Strain, Tension at Recovery 10 These were
measured in the same ways as the previ ously expl ai ned net hods.
4) Heat Setting Rate A test yarn or 2 nmw de test filmgripped
at a 50 mminterval was elongated 80%to 90 nm then imersed in 15
boiling water for one hour, then was dry heat set as is at 80%
el ongatiron at 120[err]C for one m nute. The strain caused by the heat
setting was neasured and the rati'o with respect to the length (40 mm
el ongated before the heat treatment was used as the heat setting rate.
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20 }-t | Heat setting rate (%9 = {(I-I1[err])/(I[err]-1[err])}x100

={{1-50)/40}x100 where, I[err]: length of sanple (50 nm

[err]: length of sanple after elongation (90 nm l: length
of sanple in relaxed state after heat 25 treatment (mm 5)
Eiguced Viscosity ([err]sp/C . 2}// The reduced viscosity was
yeasured as a way to evaluate th Balyner nol ecul ar weight. That is, a
t est filmwas dissolved in DMAc at a concentration of 0.005 30 g/ m
and the flow tinme of the solvent and the sol ution was neasured by an
Ostwal d visconeter in a 25[err] C constant tenperature water tank. The
reduced viscosity was found by the foll ow ng equation:

([err]sp/C) = {(t-t[err])/t[err]}. 1/C 35 where, t: flow speed of
sol ution (seconds) t[err]: flow speed of solvent (seconds)

C. concentration of polyner (g/m)

21

Ll

ke et g s e e

8L°9L

F1g.32

Bl —

JESUTREIN SORpEppps paaspunpeapepy SRR SR LT L EdE A

LL Gl

<Py §




S
- 56*- Exanpl e 14 A 400 part by wei ght anmount of PTMG of
a naunber average nol ecul ar wei ght of 1830 and 87 parts by wei ght of
MDI were caused to react in a nitrogen gas atnosphere 5 at 70[err]C for
three hours with agitation to obtain

n i nt ernedi ate pol yner havi ng end
'igyyanate groups. Next, this magibg?led to roomtenperature and dry
VAC was added to nmake an internedidfe pol yner solution of a
concentration of 40% by weight. 10 Next, a DMAc sol ution including
7.28 parts by weight of EDA and 1.11 parts by wei ght of DEA was added
to the vigorously agitated intermedi ate polyner solution to
obt ai n a pol yuret haneurea solution of a concentration of 30% by
wei ght. 15 Next, 5.0 parts by weight (corresponding to 1% by
wei ght of the polyner solids) of the stabilizer A was added as an
anti oxi dant and agitated and m xed wth the sol ution.
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Furthér, a DVAc solution containing 2.81 parts by 20 weight (AB = 0.5) of

the conmpound (1), that is, the di am nour ea conpound ‘used i n-the. -...
present invention, was added, m xed, and deaerated 0 Qbtain a
spianni ng conposi tion of a concentration of 30% by weh Replaced
{igcosity of 3400 poise/30[err38%,/(In the text, A indicat% ﬂ i" ar
amount of di am nourea conpound Z®&%d, and B i ndi cate unt
of the nonofunctional am ne used for the production of the
pol yur et haneur ea pol yner). This was supplied through an orifice
to a dry spi nning machine with a hot air tenperature held at 270[err]C
30 to obtain a yarn of 40 deni-er. DVAc was added to the 30% by
wei ght concentration . spinning conposition to make it 20% by wei ght in
concentration. This conposition was cast on a glass plate using a
0. 600 mm applicator and was dried at 70[err]C for 16 35 hours to obtain a
filmof a thickness of approxi mately 100 [err]m The fil mwas cut
into 2 nmw dths whi.ch were used as sanples for nmeasurenment of the
physi cal properties. —
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- 57.°2 ' Tabl e 8 shows the results of the neasurenent of the

physi cal properties of the obtained yarn. Table 9 shows the results of
t he neasurenent of the physical properties of. the film 5

Exanpl es 15 and 16 The sane procedure was followed as in Exanple

Z -except that instead of the 2. 8% garts by weight of the conpound
éb in Exanple 14, 3.02 parts by wei ght Bf the conpound (2) (A/ B=0.5)
was added in Exanple 15 and 3.66 10 parts by weight of the conpound (3)
(A/B=0.5) was added in Exanple 16, whereby yarns of 40 denier and filns
having a thickness of about 100 [err]m were obtained. Table 8 shows the
results of the neasurenent of the physical properties of the obtained

yarn. Table 9 shows the 15 resul of the spg+ ement- of t he physi cal
properties of F? ] g} 'nﬁ§ E;
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)
the £fim Conpar ati ve Exanple 8 Known Art: Exanpl e of

Japanese Unexam ned Pat ent Publ i cati on (Kokai) No. 59-129257 20
The sane procedure was followed as in Exanple 14 except that instead
of the 2.81 parts by weight of the compound (1) in Exanple 14, 3.01 g
owgﬁhe known conpound expressed bBEphe formula (MI11) was added,
whetfeby a yarn of 40 denier and fi¥mhaving a thickness of about 100
[err]m 25 were obtained. Table 8 shows the results of the measur enent
of the physical properties of the obtained yarn. Table 9 shows the
results of the nmeasurenent of the physi cal properties of the film
Conparative Exanple 9 30 Known Art: Exanple of Japanese Unexam ned
Pat ent Publ i cati on (Kokai) No. 1-170648 A DMAc sol ution
containing 8.13 parts by wei ght of EDA and 0.93 part by wei ght of DEA
was added under vi gorous agitation to an internedi ate polynmer sol ution
of 35 a concentration of 40% by wei ght obtained in the sane way as
Exanpl e 14, whereby a pol yuret haneurea solution of a concentration of
30% by wei ght, including free am no
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»
- 5g-! groups in the polynmer ends, was obtained. Next, 5.0

parts by weight of the stabilizer A was added and m xed with agitation.
Further, a DMAc solution including 2.52 parts by 5 weight of the known
conpound expressed by chem cal formula (MII1) was added and m xed with
ad%ﬁation, t hen was deaerated to B®tain a spinning conposition of a
concentration of 30% by wei ght. 37This was used for spinning and

filmmaking in the 10 same way as in Exanple 14 to obtain a yarn of 40
and a filmof a thickness of about 100 [err]m Table 8 shows

deni er
the results of the neasurenent of the physical properties of the
obt ai ned yarn. Table 9 shows the results of the measur enment of the

physi cal properties of the film

OL°LL
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15 .* Conpar ati ve Exanple 10 Exanpl e of No Addition of
Disam nour ea Conpound of Present | nvention A spi nni ng
conposition of a concentration of 30% by wei ght obtained in the sane
way as in Exanple 14 except 20 mﬁgggyt the addition of the conpound (1),
tdfat is, the . di am nour ea conpo was used in the same way as in
anple 14 for spinning and fil m maki g to obtain a yarn of 40 denier
and a filmof a thickness of about 100 [err]m Tabl e 8 shows the
results of the nmeasurenent of the 25 physi cal properties of the obtained
yarn. Table 9 shows the results of the neasurenent of the physical
properties of the film
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- 61 - As wi Il be understood fron1TabIes 8 and 9 the yarn

and fil m obt ai ned by the present invention are tr %&E d in
stringiness, knot strength, el astic characteristi B8 . ‘
resi stance conpared 5 with the known art. i A
400 part by wei ght anmount of a copol yner diol (NPG ol ar
percent and nunber average nol ecul ar ht of 20j{4) : ftlir an
and NPG and, 83 parts 10 by wei ght of NDI,mé%e caused||t Bowe ! '
nitrogen gas at nosphere at 70[err]C for five hourg with agitation tb :
obtain an internediate pol yner having end isocyanate ~ groupsa Next, this
was cooled to roomtenperature and dry DVAC was added to e an -
i nternedi ate pol ymer solution 15 of a concentration of 40%)by wei ght. “&%
Next, a DMAc solution containing 7.91 parts by wei ght - o EDA and 1. 01
parts by wei ght of DEA was added to the vigorously ag¥tated
i nternmedi ate pol ynmer solution to obtain a pol yuretha rea sol utionjof
a concentration 20 of 30 percent by weight. &
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Next, 4.9 parts by weight of the stabilizer A was added and m xed with
agi tation. Further, a DMAc sol ution Contaikjja'Auh -
wei ght (A/B=0.5) of the conpound (1), that is, the f“M-J‘wn

. added, nlxei,

used in the present invention, was ,
obtain a spinning conposition of a concentratlrn ofd FOsidnemgei Hhif and
s was used fof j

a viscosity of 3700 p0|se/30[err]C é
%141'.030 Illayalll

spinning in the same way as with 30

denier. Table 10 shows t he results of the measlrenent of the ph% i cal
properties of the obtained yarn. Conpar at 1 ve EXanpre-1l1 gg
Known Art: Exanple of Addition of Known Aronatic 35 Diurea Conpound [
Simlar to Conpound of Present Invention The sane proced was
followed as with Exanple 17 except that instead of the 2.55-parts by
wei ght of the -
&
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ne
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Dl e 17, 2.74

-3 62 - " conpound (1) of the present invention in_Exa
g of the known conpound expressed by.chem cal fornul &; g» ) ;@‘;ﬁk;ﬁ ded.
Tabl e 10 shows the results of the measur ement  of ! Lok
properties of the obtained 5 yarn. Conpar atfi y _
Exanpl e of NO Addi.ti on of Di am nourea Corg)ound o '@@Mﬁ%’os:eure
as in Exanple 17 was perforned except thout the § e |
conmpound (1), that is, 10 the di am noure&a?€onpound, §to0 obtal |l hnjf ng’
conposition of a concentration of 30% by wei ght. Thi &.w !
spinning in the sane way as in Exanple 14 to obtain a yarn of_4 8
deni er. The results of measurenent of the physical 15 perthm
of the obtained yarn are shown in Table 10. _
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ln this way, the present invention is sufficiently ﬁﬁﬁﬁﬁﬁ&ﬁﬁﬁﬂ@ﬁﬁﬁ&ﬂi en
use i s nmade of a copol yner diol of t et r ahydr of urjaniand NPG as t
material for the ~ pol yur et haneurea pol yner. 5 E Qﬁﬁgﬁﬁpﬂ@% § 22
5.0 part by weight amounts of the stabil8zer A were ‘ 1 to 30s af cent
by wei.ght concentration .pol yur et hanefiBda sol uti ofpst! the| sane
net hod as in Exanple 14 and were m xed with agiti@tion. Further, th 0
anounts of the conpound (1) shown in Table 11 were atdget: ~HTXed | 1, gnd
deaerated. The sanme procedure was perforned as in Exanmple 14/to ohtain
films having a thickness of about 100 [err]m The resultgof the |«
measur enent of the physi cal properties of the filnms are sh in Tagie
11. ' .
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-. 65 - [err] - 66 - In the
formula, A indicates the nolar anount of . conpound {{J=
i ndi cates the nolar anount of t he nmonof uncti onal ap#ize
producti-on of. the pol yur et haneurea pol ynmer which i § # n.
5 As wi |l be understood from Table 11, the desi fe§
seen if the anount of the diam nourea conpound adgeg
i nvention i.s 0.005[err]A/Blerr]3.0, where the nol & A
nol es and the nol ar anount of . ;
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am ne used in the productlon of F EgﬁgﬂﬂﬁﬁﬂMT

t he nmonof uncti anal
polyurethaneurea pol ynmer added and mxed inis B no

exanpl'es will be shown of the analysis of the
nol ecul ar wei ght of the hard segnents . of the pt'
0

ﬂ"

i} " chromat ography

as a chain. e t,

t he di am nourea conpound of t he present inventi

Not e that the neasurenent of the |iquid
]o nder the..f.oll.owi pg

15
described in the Exanpl es was perforned
condi ti ons: Appar at us: Shi ned LC 6A Sol ution:
DVSO (Lid 0.02M/Liquid 20 chr omat ogr aphy
tetrahydrofuran 3:4 Fl ow r at e: 0.6 M/mn urmEZCD
YMC AM 313 (ODS) x 3 Col um t enper at ur e: 50[erf] C 8
UV neasur enent wavel engt h: 290 nm Exarmpl e 2
A 30 g anount of DMAc was added to 5 g of pol yur et haneur ea sol @ti on ﬁg
a concentration of 30%by 30 weight obtained in Exanple 6. This wa S
agitated and 90 g of net hanol was added dropw se. The preci pi e was
-
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e

filtered by a glass filter (3&4) and was washed or| e (E NHER DY
met hanol . To renove the DVAc in the obtained :qw¥ ber e - B2t wer e
i mersed a day and night in 150 g 35 of methanol, hqqiﬁﬂﬁﬂé teredd by a
glass filter (3&), washed wi th net hanol, andjvpc atf §0[err] C
for two hours, to obtain about 1.5 g of solidk i
-67- _ polyurethaneurea ’ -~ AO0.9 nmounjt of the 1.5 g of the
obt ai ned sol ids was ‘taken in an Erlen r flas :
perchloric acid was added, and treatnent was perforned at 60[err] for
5 34 hours with occasional agitation. Wien -t he treatment dy fife
perchloric acid ended, the sol ution was cooled to roomtenperature png
was fl ushed
' T
£
~ O
Q
e
Q

1500

Fig.11
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into a beaker.b§ 150 M of ion exchange water to precipitate the hard

and

segnents: The precipitate was 10 filtered by a glass filter (3Gﬂ)

fully washed on the filter by ion exchange watiﬁy‘;ww,.[
washed by 50 m of 1N sodi um hydroxi de aqueous |3 o6

washed again by ion exchange water. The washed ‘eéfpltate was

p
dried at 80[err]C for two hours and 15 ?jgg'ghard segirerl 3L 1996 of |
d

pol yur et haneur ea pol ymer was obt ai ne a sol portion. The ;I‘|d
W th respect to the theoretical value is 93% r age
nol ecul ar wei ght of the hard segnent was deter i ned based he _E%
integrated intensity ratio 20 of net hyl ene group sandw ched by Lo
benzene rings according to a ' H NWVR neasurenent. As a resu t he
average nol ecul ar wei ght of the hard segment of the non- T
pol ymer was- 935 and t he average nol ecul ar wei ght of the hard segneng g
of the treated polyner was 934. 25 - The obtai ned solids wer&_nade A
0. 1% sol uti on using a DVSO-t etrahydrofuran sol uti on whi ch was<passed
t hr ough a 0.45 [errImfilter for use as a |liquid chromatography
sanple. A 20 [err]l anobunt of this was injected by a m crosyrifge and
the measurenent was perfornmed under the 30 above-nmentioned condifl ons. |8
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c

and Conparative Exanples 1 to 5 to

The sanme neasurenent was perfornmed for the polyners of Exanples 6 to 9
obtain liquid chronatograns The

results of these nmeasurenents are shown in Fi gSw—
35 charts, the ratios of the hard segnments with di fif§ gul ar
wei ghts were -found by vertical division. The re¢
Tabl e 12. 13/ - 68%
Table 12 é%énple
6 7 8 9 1
™M 4——*_“_“‘““““‘-h-—-—-~___::> i
’v—
(@)
L |
3
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S ' ' r -
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P
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Conmpound (1)- 100 75 50 25 0 | EDA /0
/25 / 50 /75 /100 (ol % mol %
23" 29 39 52 ratio P2 41
35 P3 13% 15 14
P4 22% .- 13 9 6 3
Conpar ati ve Exanpl e 1 2 13
Peak P1 23 35 37 4?5‘7 atTo P2 34
31 36 P3 21 18 17 15
P4 28 12 14 8 20 From Table 12, 1t wIT be e@
that along with an increase in the ratio of the conpound (1) of h*ém
pr esent invention in the chain extender when the conpound is
used as t.he chain extender (an increase of the average * _
wei ght of the hard), the peak area ratio of P2 25 (corr 14;.c_
hard) increases and the peak area S
[
O
=
~J o
— —_— -3
@)
L

1.7615-




In a pol ynmer

ratio of P1 (corresponding to U2 hard) decreases.

synt hesi zed by the correspondi ng EDA and NDI T T ] o t he

conpound (1), along with the increase in the TIAGRLEGI i ght
the peak area ratios P31} ¢or respondi ng 0¥U6

of the hard 30 segnent s,
hard) and P4 (corresponding to U8 hard) |ncrease a. ORI he
using t he conpgund

distribution of the hard segnents of the E%£¥
i i cons ably FﬁEF*Fﬁan e

(1) of the present invention is
di stribution of the polymer 35 synt hesi zed by EDAl and_MDI .___Furt hetjnore,
t he presence of the P1 and P3 in the peak area ratto of t d ~E§
segnent anal ysis of polyner in Exanple 6 is conS|dered to due o
- 69 -
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to the inclusion of a trace anount of EDA in the

Furt her, the physical properties corresponding to w;h‘ineu;ea
polymers with the different area 5 rati o of P2 see1fls of
heat breakage and tension after heat .treatnentf ! H% eéﬁ acted f!om
Tabl e 4 and Table 5 and shown in Figs. 35 and B W% Fijoth t hese
figures, it will be understood that the if the P2l s nore
than 40 nol ar percent of 10 the whole, s i or aﬁysical
(seconds to heat breakage and tension after heat-: a shown.
Exanpl e 24 The hard segnent anal ysis data of polyurethaneurea o
el astic fibers now on the market are shown bel ow. 15 The S E%
used are Lycra T-156C (DuPont) and Qpel on T-127C (Toray. DuPont) §nd
the sanples were subjected to a pre-extract treatnent- with acetwhe and
.toluene in a Soxhlet extractor. Then, the treatnment with t he T
perchlorlc acid and the chronatography determ nation 20 were carri ou& £
in the sane manner as in Exanple 23. The results are shown igs.| 37
and 38. Furthernore, the determnation results of the fibe ai ned
in the same manner as in Exanple 6 of the present invention ar
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shown in Fig. 39. 25 As is clear fromthese results, the
pol yur et haneur ea --according to the present inventi ope=psS-—gefi
type, because the Pl peak area ratio and P2 peak area jKEFiLA
conventi onal pol yurethaneurea elastic fibers are 46 1
respectively, whereas the Pl peak area 30 ratio and P2 §

the present invention are 15% and 500 At espectivel Wi

| ndustrial Applicability The coﬁé%und of the §

di am ne starting nmaterial for resinsj

is useful as a

(pol yur et haneureas, 35 pol yam des, polyim des, pO|yUFEHS) and curi1 ng ~E§
w0

agents for epoxy resins. In particular, it is a novel
conmpound useful as a chain extender of a shaped-article

Fig.17
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- 70- . (for exanple, elastic fibers and film of a high heat
resi stance pol yuret haneurea resin. |In accordance mﬁth e ‘?iiﬁm
production of the present invention, it is possi Cﬁﬂﬁﬁtﬁg

Tt he conpound jof

conpound at a high purity and 5 - hlgh yi el d. Further
invention is used as a chain extender,| i 4 AUBOPRS blie}to
segnent}s {and

t he present
control the distribution of nolecul ar mei@@g’of t he r
i 7 vast |y} i ! Reat

t he pol yur et haneurea which is produced is

resi stance. Since the 10 pol yur et haneurea el astic f§j ber according toithe
pr esent invention has a high heat resistance, it 0o LCD
knit with polyester fiber to be dyed under the polyester =

cme!
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Fig.18
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dye| ng condition at 130[err]C -
71 - CLAI M8 CEAEN

di am nour ea corrpound having the formula (1); [err]
wherein R err] is a straight or branched al kyl ene g opp&g\gﬁgv}%

D

500

cm-l

1000

1500

Fig.19

1.8786-



-1t omers

2 to 8 carbon atons, and Rlerr] is a phenyl ene group'gﬁ@;, ¥ "

al kyl - substituted phenyl ene group, a er] ohertliy i

di - al kyl ene substituted phenyl ene group, rija _net hanedi phenyl ene
group.’ " 2. Aprocess for the product ffoh GBS briba
conmpound expressed by chemi cal fornula (1) accordingjjt C m 1
characterized in that a diurea conpound P essed j by the mul a
(11); [err] (11) whetein . Rlerr]. Rerk],
Rlerr], and R err] independently represent a strai ght or o
branched al kyl groups having 1 to 4 carbon atons, R err] e
represents a stradight or branched al kyl ene group having o &©
carbon atons, an alicyclic al kylene group having 6 to 1% carbon
atons, a phenylene group, a Clerr]-derr] alkyl-3ubstiuted -
phenyl ene'group, a (err]-Cerr] mno- or di - al kyl ene =
substituted phenyl ene group, or a O

Fig.20
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nmet hanedi phenyl ene group and a di am ne conpound havi ng IQHHH; meb O,
HEACTNENT ST

formula (111); Herr]NNRerr]-NH err]

(rer) _ wherein R err] represents a straight o
group having 2 to 8 carbon atons, an alicyclic alkylen
having 6 to 15 carbon atons, a phenyl ene group, a
al kyl - substituted phenyl ene group, a ([erZz] C[err] non
di - al kyl ene.substituted phenyl ene group, 4 met hane-
di phenyl ene group are allowed to react.
production of a di am nourea

72 -

conpound having formula (1) according to claim1l characterized in th
di ur et hane conpound expressed by the follow ng chem cal formula (IV):

Fig. 21

1.7930+
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[err] V) wherein R err] and R err] indquﬁyfa y [R5 S
straight or branched al kyl group having 1 to 4 car on—a+ .E£B@E§fé£:.
group, phenyl ene group, or straight or branched C 4rd]- erré 1

al kyl -substituted phenyl group, R err] represents & § g*h’ 894br anghed
al kyl ene- group having 2 to 8 carbon atons, an alic ci
having 6 to 15 carbon-atons, a phenyl ene group, a
substi tut ed- phenyl ene group, a CJerr]-CZry] nono-? di=.alkyl ene .
substituted phenyl ene group, or a nethaned3’phenyl ene group and the™di am ne
conpound having .the fornula (V) Herr]NNRerr]-NH err]

(V) wherein R8 represents a straight or branched al kyl ene group hav# ng Ecjo
8 carbon atons, an alicyclic al kylene group having 6 to 15 carbon ,&%
phenyl ene group, a Clerr]-(err] al kyl-substituted phenyl ene gr
Cerr]-Cerr] nono- or di-al kylene substituted phenyl ene-grou

net hanedi phenyl ene group are allowed to react.
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4, A process for production of a pol yurethaneurea co n,',
excess nol ar amount of.organic diisocyanate to react M
having a nunber average nol ecul ar wei ght of 500 to 10‘”

i nt er medi~at e pol yner' having an i socyanate group at itu_-
the internmedi ate polyner to react with a bifunctiona

wher ei n the di anmi nourea conpound accordi2@ to claim

all -of the said bifunctional diamne co Ad.
production of a pol yurethaneurea by heat treatnent of
in an anount satisfying the follow ng equation (1),

by addi ng,
di am nourea conpound according to claim 1 to a

- 73 -

ing an

ie an

ng

1500

1.4091+




reaction of .an excess nolar amount of an organic diisocygn
havi ng a nunber average nol ecul ar wei ght of§5
synt hesi ze an internedi ate pol ymer
then allowi ng the internedi ate pol yner
conmpound and nonof uncti onal

pol yrmer di ol

(1) wherein Ais the nolar
used for the production of
pol yur et haneur ea

i socyanate group at
containing 25 to 100 nol -

300

200

Heat Breakage Time (sec)

Tensim:Stress(Kg/cm?):at 100%
elongation at 3:Time’ Recovery

obtai ned by reactd
organi c diisocyanate wth a pol yner 04
wei ght of 500 to 100,000 to synthesize an
its ends,

%lff

100

0
100/0

0
100/0

it@

)0 tO%O 000 ¢
9u@ua%wﬂ#®ueﬂé

?g n isocyanate fre
/z/a act with a bjfunctional
am ne conpound.

anount added of the dlanlnourea conpound
according to claiml1 and B is the nolar anount of the nonofuncti onal

havi

t he pol yur et haneurea pol yner. 6. A

ng .an exce Iar anpunt of an
i ng
terimedi at e pol yner
then reacting a bifunctional

1

\0
T~

75/25 50/50  25/75

Compound (1) / EDA
(mole% / mole%)

Fig.25

0/100

75725 50/50  25/75

Compound (1) / EDA
(mole% / mole%)

0/100

anm ne

nber aver age mol ecul ar
havi ng an
di am ne conpound

‘1
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'6\.. ¥ "
a®conpound (1) defined in claim1 with the internediate_polyner, the ratio
[ i/ , S

of area of the peak corresponding to a hard segnent ha
anal yzed by-a liquid chronmatography analysis of the har g £ jby
a reaction between the anlno groups and the I socyanat e 4’oups bei ng af] |
| east 40% of the total. . 33 OBAMGNGS H
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CLAIMS
1. A diaminourea compound having the formula (I);
R ow
HzN"‘Rl""NCN"‘RZ—'N_C!N"‘RI"'NHZ ( I )
i {
0 ¢]

wherein R, is a straight or branched alkylene

group of having 2 to 8 carbon atoms, and R, is 'a

group, a C,~-C, mono- or di-alkylene substituted phenylene
group, or a methanediphenylene group.

2. A process for the production of a diaminourea
compound expressed by chemidal formula (I) according to
claim 1 characterized in that a diurea compound expressed
by the formula (II);

-

z?NgN-—R 5~N§N<1;j (11)
wherein, Rs;, R,, R¢, and R; independently represent a
straight or branched alkyl groups having 1 to 4 carbon
-atoms, Rs; represents a straight or branched alkylene
group having 2 to 8 carbon atoms, an alicyclic alkylene
group having 6 to 15 carbon atoms, a phenylene group, a
Cp{Q alkyl-substituted phenylene group, a C;-C, mono- ox
di~alkylene substituted phenylene group, or a
methanediphenylene group and a diamine compound having
the formula (IXII);

H,N-Rg—NH, (IIT)
wherein R represents a straight or branched alkylene
group having 2 to 8 carbon atoms, an alicyclic alkylene
group having 6 to 15 carbon atoms, a phenylene group, a
C,-C, alkyl-substituted phenylene group, a C,~-C, mono- oxr
di-alkylene substituted phenylene group, or a methane-
diphenylene group are allowed to react.

3. A process for production of a diaminourea

I THIS SHEET HAS BEen

REPLAGED
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compound having formula (I) according to claim 1
characterized in that a diurethane compound expressed by
the following chemical formula (IV):

o

Ry~OCN-R,,—NCO-R,, (IV)
wherein R, and R;, independently represent a straight or
branched alkyl group having 1 to 4 carbon atoms,
cyclohexyl group, phenylene group, or straight or
branched C;-C, alkyl-substituted phenyl group, R,
represents a straight or branched alkylene group having 2
to 8 carbon atoms, an alicyclic alkylene group having 6
"to 15 carbon atoms, a phenylene group, a C;~C, alkyl-
substituted phenylene group, a C,-C, mono- or di-alkylene
substituted phenylene group, or a methanediphenylene
group and the diamine compound having the formula (V)

H,N-Ry—~NH, (V)
wherein Ry represents a straight or branched alkylene
group having 2 to 8 carbon atoms, an alicyclic alkylene
group having 6 to 15 carbon atoms, a phenylene group, a
C,~-C; alkyl-substituted phenylene group, a C;~C, mono- or
di-alkylene substituted phenylene group, or a
methanediphenylene group are allowed to react.

4. A process for production of a polyurethaneurea
comprised by allowing an excess molar amount of organic
diisocyanate to react with a polymer diol having a number
~average molecular weight of 500 to 100,000 to synthesize
an intermediate polymer having an isocyanate group at its
ends, then allowing the intermediate polymer to react
with a bifunctional diamine compound, whexein the
diaminourea compound according to claim 1 is used as a
part or all of the said bifunctional diamine compound.

5. A process for production of a polyurethaneurea
by heat treatment of a compound obtaining by adding, in
an amount satisfying the following equation (I), a
diaminoureéa compound according to claim L to a

I
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an amount satisfying the following equation (I}, a
diaminourea compound according to claim (I) to a
polyurethaneurea obtained by allowing a reaction of an
excess molar amount of an organic diisocyanate with a
polymer diol haﬁing a number average molecular weight of
500 to 100,000 to synthesize an intermediate polymex
having an isocyanate group at its ends, then allowing the
intermediate polymer to react with a bifunctional diamine
compound and monofunctional amine compound.

0.005sA/B<3 - (I)
wherein A is the molar amount added of the diaminourea
compound according to claim 1 and B is the molar amount
of the monofunctional amine used for the production of

the polyurethaneurea polymer.

6. A polyurethaneurea obtainable by reacting an
excess molar amount of an organic diisocyanate with a
polymer diol having a number average molecular weight
of 500 to 100,000 to synthesize an intermediate polymer
having an'isocyanate group at its ends, then reacting a
bifunctional_diamine compound containing 25 to 100 mol-% of
a compound (I) defined in claim 1 with the intermediate
polymer, the ratio of area of the peak corresponding to the
hard segment having four urea groups, analyzed by the
liquid chromatography analysis of the hard segment being at
least 40% of the total.

THIS SHEET HAS BEEN
REPLACED
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CLAIMS B
1. A diaminourea compound havimng-the—formata—i);
iy
HZN—R1~NCN~R2—N(%N-R1—-NHZ (1)
il 1
0 o

wherein R, is a straight or branched alkylene group having
2 to 8 carbon atoms, and R, is a phenylene group, a C,-Cy4
alkyl-substituted phenylene

group, -a C;-C, mono- or di-alkylene substituted phenylene
group, or a methanediphenylene group.

2. A process for the production of a diaminourea
compound expressed by chemical formula (I) according to
claim 1 characterized in that a diurea compound expressed
by the formula (II};

'

R,~NCN~-Rs-NCN-R IT
NG NG C 6 (1I1)

R, 0O o 'R,

wherein, R;, R,, Rs, and R; independently represent a
straight or branched alkyl groups having 1 to 4 carbon
atoms, Rs represents a straight or branched alkylene
group having 2 to 8 carbon atoms, an alicyclic alkylene
group having 6 to 15 carbon atoms, a phenylene group, a
Cy4i alkyl-substituted phenylene group, a C,-C, mono—- oOr
di-alkylene substituted phenylene group, or a
methanediphenylene group and a diamine compound having
the formula (III);

H,N—-Rg—NH, (I11)
wherein Ry represents a straight or branched alkylene
group having 2 to 8 carbon atoms, an alicyclic alkylene
group having 6 to 15 carbon atoms, a phenylene group, a
C;~C, alkyl-substituted phenylen? group, a C,-C, mono- oOr
di-alkylene substituted phenylene group, or a methane-
diphenylene group are allowed to react.

3. A process for production of a diaminourea

N

(4@
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an amount satisfying the following equation (I), a
diaminourea compound according to claim (I) to a
polyurethaneurea obtained by allowing a reaction of an
excess molar amount of an organic diisocyanate with a
polymer diol having a number average molecular weight of
500 to 100,000 to synthesize an intermediate polymex
having an isocyanate group at its ends, then allowing the
intermediate polymer to react with a bifunctional diamine
compound and monofunctional amine compound.

0.005<A/B<3 (1)
wherein A is the molar amount added of the diaminourea
compound according to claim 1 and B is the molar amount
of the monofunctional amine used for the production of

the polyurethaneurea polymerxr.

6. 'A.polyurethaneurea - obtained by reacting an
excess molar amount of an organic diisocyanate with a
polymer diol having a number avErage molecular weight
of 500 to 100,000 to synthesize an intermediate polymer
having an isocyanate group at its ends, then reacting a
bifunctional diamine compound containing §5 to 100 mol-% of
a compound (I) defined in claim 1 with the intermediate
polymer, the ratio of area of the peak corresponding to a
hard segment having four urea groups analyzed by a
liqguid chromatography analysis of the hard segment formed

by a reaction between the amino groups and the isocyanate

groups being at least 40% of the total.
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