;eder™r[Lj6HT*/1 April, 2003 Bi uret pol yi socyanate and process for
produci ng the sane BACKGROUND OF THE INVENT ION Field of the Invention The
present invention relates to a biuret polyisv cyandi Aprihr20038rti cul arly,
the present invention is concerned with a biuret polyisocyanate obtained by
reacting at | east one diisocyanate selected fromthe 10 group consisting of
an‘'aliphatic diisocyanate and an alicyclic diisocyanate w} i zing
agent) wherein the biuret ponisocyangte,has a very IOM/COMﬂﬁmmEMmNB%m
unfavrorabl e urea dinmer which is an ifiternmedi ate of the ab . ' d
reaction, and exhibits a high 15 transmittance. The biuret pol {ft8tyanate
of the pre sent invention B3ELEnOF ZFki ANVENILONycel|ent stability at |ow
tenperatures, but also is free fromdiscoloration. By virtue of these
properties, the Biufek BRAIYLSOSHAIRI T BT WL SEIFAT RFESIEH P Used for
produci ng a 20 coating conposition, an adhesive, a fiber treatnent agent, a
seal ant, a wat er'p*®di¥My agent, a foam) an elastomer and the |ike For
exanpl e, when the biuret_pglyisocvapnate of _the present invention is used f
or producing a coating U ating 25 conposition is

capable of _formn coatin ich ex 1 April, 2003 2 hibits excellent
adH%sivené%gigg;ggeﬁﬁﬁﬁgg¥%§¥£€%nce. The present invention is also
concerned with r o] iV fi G Reuci.ng a biuret
pol yi socyanat e %l cﬁ’g%%%l%n{?%eéﬁlfﬁétgé%%é%gcg Iaeﬁt%ﬁ%‘%s‘%/a%;l ity at | ow

t enper at ur cal ' | dayt 1BYr-dnte g agess of the
present i n(\?%?\??g% i%}%?ﬁ%%ﬁ%iﬁ%gl Eﬁl}gi% préc?)i(}uce an excel l ent biuret
pol yi socyabgh&etneli 901tHi 8! SquétOEoAﬂsac?@hatéowmm@d Clontve-ni ng _
substantially no diisocyanate has been w dely used for producing a coating
conposi ti ogct@AgadBesb¥et ansediaBboyannatesplostedgtagenthea foam an

el astoner, a figer treatnent agent 15 and the like. A representative
exggpl e of gpolipi eeagashahesofoansathiphaade diiaopphyatecymdate having a biu
ret structure (that is, a biuret polyisoeyanate). A biuret polyisocyanate
can be produtegcfiiemiaidbicganpirawdthas dinmphiringnagental yhene-a
biuretizing agent, 20 such as water, a nonovalent tertiary alechol, formc
aci d, hydrdgenhsubfiuget aolylgacvengtienhay énVﬁEYaﬁﬁwaﬁOngﬁﬁiEfsecondary
am ne. A nunber of nethods for producing a biuret EOl iﬁoc¥anage have been
proposed. FBr UBKRYPrEPlendred [ddfliedy WHdCont Sd8BufB ?5%8 $8r8s8%t he 2%

met hod for produci ng a bhi uret. pol yi socyanat.e: n m ,
tge abovegmentioned %eé%tionx and e lgégs a high

)
VAW,

15 transmittance. The biuret polyisocyanate of the pre-
sent invention not only exhibits an excellent stability
at low temperatures, but also is free from discolora-
tion. By virtue of these properties, the biuret poly-
isocyanate can be advantageously used for producing a

20 coating composition, an adhesive, a fiber treatment
agent, a sealant, a waterproofing agent, a foam, an
elastomer and the like.  For example, when the biuret
polyisocyanate of the present invention is used for
producing a coating composition, the obtained coating

25 composition is capable of forming a c¢oating which ex-
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1 April, 2038 3 fined Japanese Patent Application Laid-Open Specification
No. 49-134629 (corresponding to U. S. Patent No. 3,976, 622), Unexam ned
Japanese Patent Application Lai d-Open Specificati onlNaprid3200861
(corresponding to 5 U. S. Patent No. 4,837,359), Exam ned Japanese Patent
Application Publication No. 61-60093, Exam ned Japanese Patent Application
Publ i cati on No. 61-26778 (corresponding to U S. patent No. 4,176, 132),
Exam ned Japanese Patent Application Bublication No. 62-41496 10
(corresponding to U S. Patent No. 4,290, 969), Exam ned Japanese Pat ent
Application Publication No. 2-62545 (corresponding to U S. Patent No.
4,983,762)?1E£5ﬁiﬁé&egéﬁaﬁeééhﬁa%EﬁPeﬁﬁpPPéaPPBﬁlPﬁbF?EhﬁF%%G%b. 5-17222,

d U ined J P i [ Lai d- 5 S ifi [ No.
B 225511 (0P BERSAAINARYERESn A BhEONGORS S5 IRHFE]. &) BEERRS By oduct i o
f bi |yl £ ' t f tarti
compound,  £aEn e 5 PRy eEE L RR T PR E B PO agent to 20
th by d {.nj bon . 0. " di "
obt ai ned 1 PaRT R SHAHEGe, SHLPL"hER AEHY) SR BRCe fa FatBlentiex: | the urea
bong of t Necibea; gndrCoBlal alg: pIBOUTLANd,30.] SEOKRDR! £ ghoup T eaCt

d
with each other to thereb a bruret polyrs cyanate. "It is known

that this peaebleRaksodCCoBPaMEhrode ot R0 éséw%tﬂﬁvéﬁmw,duction of
various types of urea bond -containing conpounds) so that the obtained

p0|yisocyamatﬁaBEQe&BﬁetbbbbdbﬂuetboFEBQuﬁéeaﬁn@ﬁc@ll&ﬂ& byupegduced urea
bond- cont ai ni ng conpounds, For exanple, 5 when a turbid polyisocyanate is

used in a poayisgcyamamesihi hiight feeplysi cal properties of the coating
obtained fromthe coating conposition are likely to becone unsatisfactory.
One nethod for preventing a polyisocyanate frombecomng turbid is to
retain a re 10 action mxture (which is obtained by reacting a diiso
cyafat e anHrzioli A&t zi ng agent) at high tenperatures. For exanple, such a
met hod i s described_in Exam ned Japanese Patent Application Publication No.
62- 4X496 (corredpBR4VA§OCTamate pantalnipg substassdprlandnexdsr 15 fi ned
Japanese Patent Application Publication No. 63-6544 (corresponding to U S
Pat ent No.1§?§§§P§%9)PaéaéﬁerWWﬁPéH ¥sed §9&s PEoLYRENAUBUSOPESEESS for

produci ng a_pol yi,sycyanat e; .and_ Exam ned Japanese Patent | i cation
Publicatioﬁ°%8?¥%%§ 2PPER ﬁéﬁedaﬁaﬁ§§ia 'PétgﬁFeKBEPéggPpon
nexan ned 988 51e 2o B8R EASIERRARGN Pald PFe - EPSBFRTCABPOA No. 6. 225511
(A5 POSRAOSAR e, "ok e Mo ey E BT il 0o
pol yi socyapgak@s o€ such usage is a polyisocyanate having a biu-
ret structure (that 1s, a biuret polyisocyanate). A
biuret polyisocyanate can be produced from a diisocya-
nate (as a main raw material) and a biuretizing agent,
20 such as water, a monovalent ftertiary alcohol. formic
acid, hydrogen sulfide, an organic primary amine and an
organic secondary amine. A number of methods for pro-
ducing a biuret polylsocyanate have been proposed. For
example, the following patent documents disclose the

25 method for producing a biuret polyisocyanate: Unexam-



1 April, 2038 5 tained at high tenperatures, the pvlyisocyanate is
sonetines likely to suffer discoloration Further, such a nethod for
preventing a polyi socyanate from becom ng turbid hdsAprik, @0@3n i n that the
met hod causes a 5 | ow productivity of the polyisocyanate and a hi gh cost
(e. g., a large investnent for plant and equipnment). In the nethod

di scl osed in the above-nenti oned Exam ned Japanese Patent Application
Publ i cati on No. 62-41496 (corresponding to U. S. patent No. 4,290,969). 10
in an attenpt to prevent the incorpordtion of the urea dimer and/or other
urea bond-contai ni ng conpounds into the polyisoeyanate, a reaction m xture
obt ai ned Byhedh ey aprandd e P dtin traoshici sy orpdladidepean Spedig ittaeat ed in a

pi pe reactor, to thereby effectively react the diiso 15 cyanate with the
ur ea di nertiznd Nt .hey9 Urpes I ncemmesrmnding donpbdhdfatiastewsr., in this

met hod, the treatnment in the pipe reactor is perforned under condi.tions
wher ei n t He, 96 F23andireexonioeed rédapaness BatentyRrpligaiieon mtely 77 to 89
% by wei ght and, hence, the 2Q degree of the reduction o the urea diner
content i SLdigivOrkTerSferificaiolon| No s ey ahbt 26 brGtRrRasRARdIS Gt hod
becones turbid after the storage at | ow tenperatures. zn the method

di s&l osed G+B ¢ H%amd‘h?ren%i%hgﬁﬁ) 2B¥aRRR JARARATS PRGNt Application

Publ i cati on No. 1 April, 2003 6 61-60093, in order to suppress the
i ncrease iAPRWECAE IR EhieaEEPRNEr 28 10703 o %Ffi‘i?’é}e%dq%ﬁfanat e

during the long termsto e, _the biuret polyiso te 1.5 subjected to
heat treat%?ﬁ’gﬁezf?ﬁ’ ‘E"héfg’i‘o?‘égi?c g%‘b‘écﬁ?lcéiflga,/ﬁ? {E%Alzzrerret hod) the

pol yi socyanat e.is_hgated.to,i t he, di i a C eptration thereof
for the|mﬁEﬁ%%3%ﬁ g iﬁi%atFﬁggéggéﬁéngééyahfgﬁytggggﬁ?ﬁgffornation of a

di i socyan i t Lyt $o5YR9at &) -{phéowed by renoval
of the 10 |?§%%y§%5%€£ §%§%€g§F9§ﬁigegggen¥§§§cunent has no de scription
aboyt not AgULBeG . 5t SphtenbUitodl 45998, 566 PYMEkimmadat the urea
diggr contQ?%%ﬁégﬁogﬁg %olyisocyanatgncauges the turb?dity of the

pol yi SOC}’aﬁ‘QﬁSné‘Ee'P&‘téﬁﬁpﬁgéﬁ.ﬂEEQioEUPhbﬁigatbbﬁ Rat entsZoes 15 ment has
no teaching or suggestion about a nethod which not only enables a reduction
in the urepc8tpagpofianhgntoofi.cherpekyitsNeyanase3. bae) al Epapieeents the

di scol oration of the polyisocyanate, Zn general. a polyisocyanate is
produced fJapane28 Patgetedppddcatdodi Pebdyaatien Nher Bf &7@22f or obt ai ni ng
a polyisocyanate as a final product, a purification step for renoving the
unr eact ed dndsBopaantivedaviapgnasiei FateasoApplasstieni bapdceBsAry. Wth
respect to the nmethod for renoving the unreacted diisocyanate, there 25 can
be 1§ent i onBpeahfagation ¥9 .widr-R2553dod cosresnenfidpg to HpSi| Padoxs 7

ent No. 5,641,851).

In the production of a biuret polyisocyanate,
first., an isocyanate group of a starting compound, such
as a diisocyanate, reacts with a bluretizing agent to

20 thereby form a compound containing an urea bond (e.g.,
an “urea dimer” obtained from two diilisocyanate mono-
mers) as an intermediate. Next, the urea bond of the
urea bond-containing compound and an isocyanate group
react with each other to thereby form a biuret polyiso-

25 cyanate. It is known that this reaction is accompanied



t he pol yi socyanate, such as a |over polarity solvent or a fluid in a
critical state; however, in nost cases, a wped filmevaporation is

enpl oyed. By wiped filmevaporation, the thermal hilsApril, 2008 enced by
the 5 pol yi socyanate can be suppressed, so that the heat de terioration of
t he pol yi socyanate is suppressed. Therefore, the w ped filmevaporation is
suitable for renoving a diisocyanate (which is a | ow boiling point
substance) from a pol yi sooyanate which has a high visl0 cosity. In the
production o a polyi socyanate in whicH the | ow boiling point substances
{such as a diisocyanate) is evaporated and separated froma m xture of a
pol yzsocyahgt éhantlyapttbisatyanabe byridopedtipbs e¥appeatbond 15 when

a, |l arge amount of the above-nentioned mxture is fed to the evaporator for
W ped fil nreeapeiatngncompeupdkyi socthn&t éhewhbthinedaphlghsboyaing poi nt
substance) may be contained in the separated | ow boiling point substances.
Thi s phenof@fiénbrsorgswiuxbidnduenteotheapmrennte Ifiethat bainment is

di sadvant ageous not on |y in that the yield of the final product is

| over ed, bHFOSPgsdiHrﬁﬁa¥9nﬁn§ﬁn5aéaﬂyss6@@&9&9@5rs T RIEEPYF.0m t he
recovered djsocyanate, the_viscosity of the polyisocyanate becones
disédvantaﬁbﬁﬂs%ytHFBﬁg polyhgecysnatepdsonsedneBedsapryting chemge t he
condition for RLO % Aprhl,,ZOCB a ducing the golyisocyanate. SUMVARY OF
THE | NVENTPBRAFACERi 5P8 PHEFLGAL PREPEr&des: ofnbhft 6PathAgGeCRnde 5

Pl yi SocyanatBinFeR £1E; BEaFI0h GPEOGROE4ProR: AniitEoTS: BP (3o par 1 oul arl y
the turbi de%eV"nh%QtQ%?g%ﬁ:?@g“ n@?é I}ge§%§&a?§§ﬁ#€%é{ﬁgeg atures. As a

result, it has unexpec éen found content of an urea

di mer (onepeiyagacyaﬁatao@Qomcsghahghagtaegnaum Skogegegghuaeia-

pol yi soeyanate is reduced to a | evel not nore than y welght, it

begomes poasihba haxRue¥eniwhiba @@'bb%ﬁ&h@&ﬁb? keapyRggoR1 Ags kYL bi d during
the storage at | ow tenperatures. 15 Further, (he present inventors have
found t hat cyehenecaahiduaebipgkyisoayangeat)s apr adynedeRpeatBiBeod in which a
first reaction between a diisovyanate and a biuretizing agent is conducted
t o t her ebyFolt akamplki,r shcheaciethod iisudescaidetihen, EREnereadasti ng the
un 20 reacted diisocyanate concentration of the first reac tion mxture to
a |l evel inPaheseakgdesft AppdigattdoR0 Publyicatiight Not hé2fkilgP6r eacti on

m xture is subjected to a second reaction, the rate of the reduction of the
urea di ner (FOTERSPOREINID %0 H.&ddPeitent Nee pr298nP6PhvandoFsamave al so

f ound 1 Agril, 2003 9 .
15 ihed Japanese Patent Application Publication No.

63-6544 (corresponding to U.S. Patent No. 4,264,519),
each of which discloses a continuous process for pro-
ducing a polyisocyanate; and Examined Japanese Patent
Application Publication No, 5-17222, Examined Japanese
20 Patent Application Publication No. 2-62545 (correspond-
ing to US Patent No. 4,983,762) and Unexamined Japanese
Patent Application Laid-Open Specification No. 8-225511
(corresponding to U.S. Patent No. 5,641,851), each of
which disgcloses a batchwise process for producing a

25 polyisocyanate. However, when a polyisocyanate is re-



that the presence o a gas dissolved in the reaction m xture is causative of
the entrainnent. The present invention has been conpl eted, based on these
novel findings. 5 Accordingly, it is an object of theApFriEs2003 nven tion to
provi de a biuret polyisocyanate which is free fromboth discoloration and
turbidity, and exhibits high stability at |ow tenperatures. It is another
obj ect of the present invention to |0 provide a process for effectively and
efficiently pro ducing a, biuret polyisocyanate which is free from both
di scoloration and turbidity, and exhiBits high stabil ity at |ow
tenperatures. The foregoing and other objects, features and ad is vantages
of the pregcgiiedNNENhigA ¥ehpePLL@POA! efhef pOIYLEEcFHIA M P detail ed
description and appended clalns, taken in connection with the acconpanyi ng
drawi ng. BRbiEtDESERLPREeON €F JuEtERAN Sep26rhtishe drnawheg, Fig. 1 is a
di agram show ng the system enpl oyed for producing a biuret polyisocyanate
i n Exanpl esudh aadnéthaddfdef prevert Bxanpl psliiandy@na2d Haservgpt i on of
Ref erence Nuneral s 1 April, 208 ~o 1: Introduction pipe for a
bi ureti zi ngemgeat terbidt haduet poobpemeifothatr bive meehodlcB)sds aAgit at or
3A, 6A Heating jacket 5 4: First reactor

5 low productivity of the polyisocyanate and a high cost

(e.g., a large investment for plant and equipment).

In the method disclosed in the above-mentioned Ex-
amined Japanese Patent Application Publication No,
62-41496 (corresponding to U.S. Patent No. 4,290,969),

10 in an attempt to prevent the incorporation of the urea
dimer and/or other urea bond-containing compounds into
the polyisocyanate, a reaction mixture obtained by the
reaction for producing a polyisocyanate is treated in a
pipe reactor, to thereby effectively react the diiso-

15 cyanate with the urea dimer and other urea bond
~containing compounds. However, in this method., the
treatment in the pipe reactor is performed under condi-
tions wherein the diisocyanate concentration is as high
as approximately 77 to 89 % by weight and, hence, the

20 degree of the reduction of the urea dimer content is
low. Therefore, the polyisocyanate produced by this
method becomes turbld after the storage at low tempera-
tures.

In the method disclosed in the above-mentioned Ex-

25 amined Japanese Patent Application Publication No.



5. 8) 12: Pipe Second reactor 9, 10, 11: Pipe reactor 9A, 10A, 11A: Jacket

10 J.3 , 15 ( 17 : Exhaust pipe 14, 16, J.8: Condenser ~.9: Internediate

tank 20: Degassing apparatus 2x, 24: Wped fil m evahdpribi200322 = 25 26
Wt hdrawal . pipe 23: Heating vessel DETAILED DESCRI PTI ON OF THE | NVENTI ON

According to the present invention, there is 20 provided a biuret

pol yi socyanat e obtai ned by reacting at | east one diisocyanate selected from

the group consisting of an aliphatic diisocyanate and an alicycl ed

dii socyanate with a biuretizing agent,” the biuxet polyisocyanate having the

follow ng 25 characteristics (1) and (2): 1 April, 2038 11 (1) the biuret

pol yi socydvat & @bht aimsoxdern bonsupposs ai theglroargaaads itied utling an urea

di mer which are the internedi ate products of the reaction between the

di i socyanat¥0¥RRa R ¢oncentrahongehntd hieret palwlspayaratsd ner is

represented by the followng formula (1): OCNR-NHCNH RNCO (x) I( OIO

wher ei n, ¢HERLGE | Hepker@ntey™ r ehpEaS: sthe Riunsiatnlsasyaratm alicyclic

group derived fromthe di ~. socyan~.te, and the biuret polyisocyanate has an

urea di mert$otHHCYtd 15° eeatobEeR HBPR b, BeSoTy Wi gHioTaf®ed on the total
ncfudi ng Teeeth it Pe 1 (REY €T Re FnEt b iR ST S tef i ned me the
et nadEed 8 Bee Rl BT B A i Befiadr = 0ol per 20
thereof for the purpose of eliminating substances which
cause the formation of a diisocyanate during the stora-
ge of the polyisocyanate, followed by removal of the
10 diisocyanate. However, this patent document has no de-
scription about not only the urea dimer itself, but al-
S0 a recognition that the urea dimexr contained in the
polyisocyanate causes the turbidity of the polyisocya-
nate at low temperatures. Further, this patent docu-
15 ment has no teaching or suggestion about a method which
not only enables a reduction in the urea dimer content
of the polyisocyanate, but also prevents the discolora-
tion of the polyisocyanate.
In general. a polyisocyanate is produced from a
20 large excess of a diisocyanate. Therefore, for obtain-
ing a polyisocyanate as a final product, a purification
step for removing the unreacted dlisocyanate having a
high vapor pressure is necessary. With respect to the
method for removiﬁg the unreacted diisocyanate, there

25 can be mentioned an extraction with a poor solvent for



taining the unreacted diisocyanate and the urea bond -containing conpounds,
based on the total area of all peaks) exclusive of a peak ascribed to the
unreacted diisocyanate, in the gel perntation chronbtApridn2003d 25 (2} the
bi uret polyisocyanate exhibits a transmt tance of at |east 90 ~ as
measured at 430 nmusing a 1 April, 2003 12 cell having a length of 2 cm
For easy understanding of the present invention, the essential features and
vari ous enbodi ments of the 5 present Envention are enunerated below. X A
bi uret po-~.yi socyanate obtained by reacting at | east ona diisocyanate
selected fromthe group consist ing of an aliphatic diisocyanate and an

ali cyclic e 1RPTEL59aRaR_t e t FUEh Rairet 19V RPHyEHEY SHeitucs 2

pol yi socyapat e.having the, fo7.low ng characterjstics (1) and (2): (1) the
bi uret pol §T3b2y ﬂa?ecﬁbﬁ}%?issY#{§¥tﬂﬁﬁFY%ﬁwn%ﬁrWQﬁF nds including an

di Lgh 15_the int di at duct f the, ti bet
he a1 socyrat oSk rabtfable AR Eal i B e Ta0e o ner s
t |1 oy lyay ' S 20 O wherein,
[opr eSS clvioLbe (]| WL RNV {dey L NIOMLRNGD () 20, O wher ein
derpved 25,41pibbkyandtsoesyapa! Supfilsd s, B4 HlaPOlid SREVARYL has an

urea di ner conten
terioration of the polyisocyanate i1s suppressed.

Therefore, the wiped film evaporation is suitable for

removing a diisocyanate (which is a low boiling point

substance) from a polyisocyanate which has a high vis-
10 cosity.

In the production of a polyisocyanate in which the
low boiling point substances (such as a diisocyanate)
is evaporated and separated from a mixture of a poly-
isocyanate and a diisocyanéte by wiped f£ilm evaporation,

15 when a large amount of the above-mentioned mixture is
fed to the evaporator for wiped film evaporation, the
polyisocyanate (which is a high boiling point sub-
stance) may be contained in the separated low boiling
point substances. This phenomenon is known as an “en-

20 trainment”. The entrainment is disadvantageous not on-
ly in that the yield of the final product is lowered,
but also in that, when a polyisocyanate is produced
from the recovered diisocyanate, the viscosity of the
polyisocyanate becomes disadvantageously high, so that

25 it becomes necessary to change the conditions for pro-



1 April, 2003 13 not nore than 0.5 ~ by wei ght, based ~n the total weight
of the biuret polyisocyanate and the urea bond -containing conpounds

i ncluding the urea dinmer, wherein the urea diner cdﬂﬂﬂﬂﬂLEEEHéfined as the
percent of the S area of a peak ascribed to the urea diner in a gel per
meati on chromat ogram of the biuret polyisocyanate con taining the unreacted
dii socyanate and the urea bond -containi ng conpounds, based on the total
area of all peaks, exclusive of a peaE ascribed to the unreacted 10

di i socyanate, in the gel perneation chromatogram and (2) the biuret

pol yi socyanate exhibits a transmtta~nce of at |east 90 ~ as neasured at
430 nm usi RFT e BRI HES@CYaMER- of 2 cm 15 2. A process for producing
a biuret polyisocyanate, wh~.ch conprises: (a) conducting a first reaction
bet ween at | east one diisocyanate selected fromthe group consisting of an
al i phatic diisocyanate and,_an .alj cycl.i IhsQeyanate 20 and a biuretizing
agent, wherein the nolar SIULIERS SgEyatiate to the bi uretizing agent
is from4 to 40, thereby.obtaining..a fir [ ] xt i ning the
unreacted dili sglc?/aﬂé{% %hﬁu%€%$ﬁf e?h%o‘%’f/%%%ﬁﬁ%%%%)ﬁg‘% us |eﬁg t he
concentrat | e r . L | I r tion
nr.gcture ?%P%S%%églaH&1E§g%§g}ggoggh§§8¥ﬂ@?ﬁg ég%%%gdéé?é%%fggfo 2D ~ by
wei ght, b h ' eds dfi soCyedtmt € and the
b~.u ret S€?g§ 2% ygng?g?gzg?bgggf?%%£§ﬁgg?$§gfﬂrg%ctidﬁ m xture, which has
5 been ad yskedi1¥thbibRSRRA! theplhetyN! gast egullarTPcyRaattitoLaneent rati on
in step (b), at a tenperature of from 110 to 160 Cto thereby performa
second reaghién, otbugspiadifigngha btoreyepatylsvcyampératiavesng t he

fol bowi ng characteristics {1) and (2): 10 (1) the biuret polyisocyanate
cont ai ns uhsaabpaduiont atnhag cnegppentiedimcbaennfoandurbatdi wieenwhi ch are
the internedi ate products of the first reaction, wherein the urea diner is
r epoesent etheycbheehtl béwangukreamdimet| X one50OCKRe NRCRR- RAD (z) O

-containing compounds) in a biuret polyisocyanate is
reduced to a level not more than 0.5 % by weight, it
becomes possible to prevent the polyisocyanate from be-
coming turhbid during the sforage at low temperatures.

15 Further, the present inventors have found that,
when a biuret polyisocyanate 1s produced by a method in
which a first reaction between a diisocyanate and a
biuretizing agent is conducted to thereby obtain a f£fir-
st reaction mixture, and then, after adjusting the un-

20 reacted diisocyanate concentration of the first reac-
tion mixture to a level in the range of from 3 to 20 %
by weight, the first reaction mixture is subjected to a
second reaction, the rate of the reduction of the urea
dimer i1s improved.

25 In addition, the present inventors have also found



20 wherein, each ~ independently repre cents an aliphatic group or an al
cyclic group deri~red fromthe dizso-. cyanate, and the biuret

pol yi socyanate has an urea diner 25 content o~ not IoAprilp2003 5 ~ by

wei ght, based on the total weight of the biuret poly 1 April, 2003 15

i socyanate and the urea bond-containing conpounds including the urea diner,
wherein the urea dinmer content is defined as the percent of the area of a
peak ascribed to the urea 5 dinmer in a gel perneation chromatogram of the
bi uret polyi socyanate containing the unreacted diisocyanate and the urea
band- cont ai ni ng conpounds, based on Bhe total area of all peaks, exclusive
of a peak ascribed to the 10 unreacted diisocyanate, in the gel perneation

chrvmat vogrdh ang lsge\.smeebwr@ Qq@@lai_ég&ymt eﬁxmv bfééc 144 ansmi ttance of

at least 90 % as neasured at nm using a ce i ng a ength of 2 cm
15 and (dﬂixﬁﬁi-@tiﬁgc&ﬁeabiﬁéeéfp@hdiéﬁ)@ﬂﬂlﬁﬁ&ﬂOmthe second reaction
m xture obtained in step (c). 3. The process according to item 2) wherein,
in step 20 (d)The¢ hpresentit inventidmhehds Wedn podnyp EotamNasasdd qer forned by
removi ng the unreacted diisocyanate fromthe second reaction m xture. 4,
The procesesecnovehgfindingsn 2 or 3) wherein the 25 at | east one
diisocyanate is a hex2~ttethyl ene-1,6-diiso 1 April, 20C3 3. 6
di Bsocyanat e. Zccandipglyestt ateoanliokject anf Une pfesdrtrsi®vdro- 4, wherein
t he biuratizing agent is water. 5

tion to provide a biuret polyisocyanate which is free

from both discoloration and turbidity, and exhibits
high stability at low temperatures.
It is another object of the present invention to
10 provide a process for effectively and efficiently pro-
ducing a biuret polyisocyanate which i1s free from both

discoloration and turbidity, and exhibits high stabil-

ity at low temperatures.
The foregoing and othé& objects, features and ad-
15 vantages of the present invention will be apparent from
the following detailed description and appended claims,

taken in connection with the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING
20 In the drawing:

Fig. 1 is a diagram showing the system employed
for producing a biuret polyisocyanate in Examples 4 and

5, and Reference Examples 1 and 2.

25 Degcription of Reference Numerals



6. The process according to item5, wherein) in step (a), the first

reacti on between the diisocyanate and water is perfornmed in the presence of

at | east one sol vent selected fromthe group consi athﬁﬂgb(m@onpound 14
represented by the following formula (I1) and az~ al kyl phosphate: R3 15

114 ( CHCH-O ) n~2 ( IT ) wherein each of RI and R2 independently
represents an al kyl or an acyl group having 1 to 4 carbon atons, R3
represents a nethyl. group 20 or a hydrogen atom and n represents an
integer of 1 or 2. 7. The process according to any one of~ itens 2 to 6.
wherein, in step (b), the adjustnmentl®f the unreacted 25 diisocyanate
concentration of the first reaction rnix ture is perfornmed by w ped film
evaporation. Intrégncikiof083pa7£8r ahbiprectasngcaegeding to item 7, wherei
the first reaction mxture is degassed before being subjected to w ped fil
evapor at on. Engrofinetpencpipeafeonr di mgwt vasaayiahe of itens 3 to 8,
wherein) _in_step (d), the renoval of the unreacted diisocyanate fromthe
second raacfiton nixtaﬂétFEOEerforned by wi ped filmevaporation. 10 10. The
process ggcorgj.ng t iten19% wherein the sec and reaction mxture is
degassed>Bef 8fé beinaegﬁﬁch 88ke8 the wiped fil mevaporation. 15 11. The
pgocess gcorgigg to any one of itens 2 to 10, wherein step (a) conprises
conti nuodsly £ ﬁcFFﬁﬁ Phe foll ow ng substeps (i) and (ii): (i) agitating
a mxturg of tEQ,diiﬁggganate and the biuret~.zing agent to conduct a
reacti on” bet weén 't he di i socyanate and the biuret~.zing agent in a

honogenegus  gecond reactor

9, 10, 11: Pipe reactor

9A, 10A, 11A: Jacket
10 13, 15, 17: Exhaust pipe
14, 16, 18;: Condenser

19: Intermediate tank

20: Degassing apparatus

21, 24: Wiped film evapérator
15 22, 25, 26: Withdrawal pipe

23: Heating vessel

DETAILED DESCRIPTION OF THE INVENTION
According to the present invention, there is
20 provided a biuret polyisocyanate obtained by reacting
at least one diisocyanate selected from the group con-
sisting of an aliphatic diisocyanate and an alicyclic
diisocyanate with a biuretizing agent,
the biuret polyisocyanate having the following

25 characteristics (1) and (2):

n
m



system of the m xture, thereby obtaining an internedi ate react~.on
m xture; and (ii) feeding the internediate reaction mxture to a pipe
reactor to thereby conduct a further reaction 25 bel Apail,t2008i i socyanat e

arid the biuretiaing agent in a 1 April, 2003 18 piston flow, thereby
obtaining a first reaction m xture. -~ereinbelow) the present invention wzll
be de scribed in detail, 5 The polyisocyanate of the present invention is a

bi uret structure-containing polyisocyanate which is obtained by reacting at
| east one diisocyanate sel ected fromlle group consisting of an aliphatic
di i socyanate and an alicyclic diisocyanate with a biuretiaing agent. 10

Il Tustrati~rel y13t 3hedpitRetPbiysge¥ganheeObohRRIAECUEAI DOAYENtIiON IS a
pol yi socyanate containing a biuret structure represented by the follow ng

formul a: Odontdiningd\iddrpouRd¥C2neiRd2ngt B preacdtimenVeALtRNareéuch a
biuret structure 20 -containing polyisocyanate is referred to as a "biuret
pol yi socyamat enteedigsced ippodueitesces the deasadpanaktewand the biureti zing
agent for obtaining the biuret polyisocyanate conprises a reaction between
t wo i socya@idisoayamage andl dhs iererliadnggegento wbhemedan thea 25 bond, and
a reaction between the fornmed urea bozld and 1 April, 2003 19 an

i sacyanat engeodidner figr meprsiagndeds byudher dolllesiag Sommupar{Leul ar
limtation with respect to the reaction for form ng an urea bond. As
exanpl es of such a reaction, there can be nmentioned reactions represented 5

by the follow ng fornul ae (HCNP-NHCNERORMEONCO + H20 +1@CNR- NHCNH- - RNCO
+C02 (al) , O I
O

10

wherein, each R independently represents an
aliphatic group or an alicyclic group derived
from the diilsocyanate, and
the biuret polyisocyanate has an urea dimer content of
15 not more than 0.5 $ by weight, based on the total
weight of the biuret polyisocyanate and the urea bond
-containing caompounds including the urea dimer, wherein
the urea dimer content is defined as the percent of the
area of a peak ascribed to the urea dimer in a gel per-
20 meation chromatogram of the biuret polyisocyanate con-
taining the unreacted diisocyanate and the urea bond
-containing compounds, based on the total area of all
peaks, exclusive of a peak ascribed to the unreacted
diisocyanate, in the gel permeation chromatogram:; and
25 (2) the biuret polyisocyanate exhibits a transmit-

tance of at least 90 % as measured at 430 nm using a



20CN- R- NCO + HCOOH ~ OCNR- NHCNH-RNCO + CO ( a2 ) |1 O 20CN-R-NCO + ( CH3 )

3COH ~ OCNR-NHCNH-RNCO Il ' 0 CH3 I5 1 + Q02 + CH3C=CH20 ( a3 ) ,

20CN- R-NCO + H2S "~' OCNR- NHCNH RNCO + COS ( a4 ) (laAprilj 2008 20CN- R- NCO
+ CH3NHZ -"~ OCNR- NHCNH RNCO + CH3NCO ( a5 ) . Il O A urea bond-containing
di mer of the di~.socyanate, which 25 is produced in the reactions shown
above, is the "urea 1 April, 200C3 20 diner" represented by fornmula (1)

above. The urea bond thus fornmed reacts with an i socyanate group, thereby
formng a biuret structure. There is A& particular limtation wth respect
tv the reaction for formng a g biuret structure. As an exanple of such a

reaction, g8erenstfin§eanmeahhenedsazr gacti on represented by the foll ow ng
fomwaeaNRNd) OCNR- NHCNH-RNCO ~ |1 10 ~ O OCNNR-NH G N-R-NCO | C=0O |

NH 1 R 1 NCO 15 ~' he process for producing the biuret polyisocya pate

i nvol ves not only the urea diner-formng reaction. such as the reactions o~
fornmul ae (al) tPofta&rsebonéerbtanaling wartnespsésient eagvéwttonhi ch form
urea bond 20 -containing conpounds ot her than the urea dirner. Exam ples of
such urea bbadessabtiiad, fegturapoandsvéoihes éhbodihentseafdther) include a

conpound represented by the follow ng formula: 1 April, 2003
present invention are enumerated below.

1. A biuret polyisocyanate obtained by reacting at
least one diisocyanate selected from the group consist-
ing of an aliphatic diisocyanate and an alicyclic di-
10 isocyanate with a biuretizing agent,
the biuret polyisocyanate having the following
characteristics (1) and (2):
(1) the biuret polyisocyanate contains urea bond
-~containing compounds inclﬁding an urea dimer which are
15 the intermediate products of the reaction between the
diisocyanate and the biuretizing agent, wherein the

urea dimer i1s represented by the following formula (I):

20 OCNR—NH?NH-RNCO (I)
0
wherein, each R independently represents an
aliphatic group or an alicyclic group derived
25 from the diisocyanate, and

the bluret polyisocyanate has an urea dimer content of



Zz~ OCN-~- R-NHCNH- R-~- NCO O wherein n is an integer of 2 or nore, 5 and a
conpound having.a structure wherein at |east one of the termnal isocyanate
groups of the biuret polyisocyaz~ate shown in fornullaApril, 2008 i s
converted into an urea bond. It is known that the presence of the urea
dinmer in 10 the biuret polyi.socyanate is one of the causes of the
turbidity of the biuret polyisocyanate, hut the present inventors have for
the first tame found that, by decreasing the urea diner content of the

bi uret polyisocyanate, it becones posa# le to prevent the bl.uret 15

pol yi socyanate from becom ng turbid d ng the storage at | ow tenperatures
(this occurrence of turbidity during the storage at |over tenperatures has
been consi dertedheze Pdagud 5o % My wedobisebgefhencsheehPFati on of
diisocyanate in the biuret polyisocyanate). The urea di ZO per content of
the bi ur et Wedights f dha disfreth odrdsesyanarenthdn the FE8BcRI o a I evel of

not nore than 0.5 ~ by weight, preferably not nore than 0.3 @6b¥ wei ght ,
based on t HEAGEINIRE FFRRRPUNGSe IGCHISL NG ERes §EPEn B And Y PRECUPea

cont et "of e BRSSP 1,8 8 Tl S g £ L

ight, the bi | V] t bi it d at about
5" &0 | oeueindt R AR A TR e A B s
def [ ned as fdi DA (Ol oile dfianf A (e DRBAE FRAY IR R cea di ner i

a gel permeation chromatogram of the biuret pdlyrsocyanate containing the

unr eact ed Cﬂéﬁ?fr?g"‘”&ﬁ@ ik d ¥ 4/ TPy RARARON it GREROWRES, based~on
a o

the total are all peaks, exclusive 10 of a peak ascribed to the
unreacted didSPCYANPRE EGMSb B EP, Beddibiore e aditAk A% ofbedlto the
reaction sol vent when the reaction solvent is used), in the gel perneation
chronat ogr ggeand), t ELcDESEREof NV Gidd10 s d b | t P e aineacdiedomat ogr am
used to deternmine the urea 15 diner content is a gel perneation
chrpgrat ogr add bddeyapdtdy smbflectdgely peimenetompaihnswdegrme tandgel
perneati on chromat ography under the conditions described in the Exanpl es of
the present spec(2) ctire dniures tpwkyisduyariaketeuiblitody HRAETGE t he
present 20 invention exhibits a transmttance of at |east 90 ~ as neasured
at 430 nm ukdmgeacfeft ROFIFRQIQ ¥ cryimeatured At At M gHE¥%hfsni tt ance
means that the biuret polyisoeyanate is not discolored. In a conventional.
net hod for $RbULRRKERE Bi 4PRILBPYi 4dtanate, a biuret poly 25 isocyanate
i.s heated for a long tune to prevent -t he 1 April, 2008 23 polyisocyanate
frombeing turbid during the storage (especially, during the | ow

t t t that th | yi I |4 ff
i SES1 or at B O PRRCBPRGE ChaPHo TR hes oY BRLEE Bt TR ot
ponisocyan@ﬁgcﬁfcgaﬁrgggggnt i nvention, the urea

(a) conducting a first reaction between at least

one diisocyanate selected from the group consisting of
an aliphatic diisocyanate and an allcyclic diisocyanate
20 and a biuretizing agent, wherein the molar ratio of the
diisocyanate to the bjuretizing agent is from 4 to 40,
thereby obtaining a first reaction mixture containing
the unreacted diisocyanate and a biuret polyisocyanate:

(b) adjusting the concentration of the unreacted

25 dilsocyanate in the first reaction mixture to a level



di mrer contained in the biuret polyisocyanate, which causes the turbidity of
the biuret polyisocyanate, is elimnated without heating the polyisocyanate
for along tinme, so that the biuret poJ.yisocyanate of Agygl,Ido@gesent
~.nvention exhibits high transmttance. Wth respect To e process far
produci ng the biuret polyisocyanate of the present invention, it is
preferred to enploy the process of the present invention. By trie process
of the present invention, it becomes possible to produce a biuret

pol yi socyanate which is substantially fz~ee of not only the urea di ner but
al so ot her urea bond-contai ni ng conpodﬁﬂs and ~rhich exhibits high
transmttance. Such a biuret polyisocyanate exhibits excellent stability at
| ow t enper &nutde 920 oifs finowe 3f tom2Bofhbyi wedlabkat baaedndnt thei dity. The
process of the present invention conprises the follomjng steps (a), (b),
(c) and (dfoted) vedshtcofndhe mnrepctedcdidsoprenase and| &hst Péne

di i socyanate selected fromthe group consisting of 25 an aliphatic

d~. ~. socyaR8te PRAT 1S9 HIENGFEii ¢ diisocyanate 1 April, 2003 24 and a
biuretizing agent) wherein the nolar ratio of the di.iso%¥anate to the

bi ur eti zi ng agedf’i sPERbING e /BT s heF BT bR AMHFHYT S TSR M&tti on

1 Xt t ai ni { ted dii t d i yret | yi te;
0 (B) ac UBEPR IR SR eGReGE (Hho i BaCPE 8% JoosaRaPbein the
f~.rst i ) t | | i,n.th f_f 3 20 % b
wei gt baced ones iRl dn BBrorBke Ao d PR A E S e BT e and ¢ he

bi , uret pohyigsaeyand e'c (&) A LB 3! SLEAGH QaTrxLHLe, whi ch has

been adjusted with respect to the ufireacted diisocyana to concentration in

step (b)) ahud DRRRIALY & Q{iJﬂeQ”Eny@.sb%yjaﬁﬂtQ havier %}9& geitorma

second reaction, thus producing a biufet polyisocyanaté of the Qresent 15

invention; 12fdng (WadaxHetiigtd dshq 1bi gh@t(gghyisoeyanate fromthe second
reaction m xture obtained in step {c). The d~.i.socyanate used as a raw

matigy i al i n the (oates vdfuridte ppreisbicyanatdt icdn tiadnat ulreast one dii so20
cyanate selected fromthe group consisting of an aliphatic diisocyanate and
an aJ.icyclic dibosvcycamdtad nihgy @omponpdat iacduidingy anateesaa C4- Cgp

al i phatic diisocyanate is preferred, and as an alicyclic diisocyanate. a
Cg- Cg0 al i cycli igiers shjimmtare $her dhderaedigiec prioduc2s efanpl es of

di i socyanates include tetranethylene-1,4 1 April, 20C3 25 -dii.socyanate,
pent anet hyl ene- 1% irsdc padatd omevheredy &he preadidiggsy afat e)
2,2,4-trinethyl hexanmet hyl ene- 1, 6-di i socyanate, |ysine _diisocyanate,

i sophor one diis&%?%ﬁEEQQQQEi?Nbﬂﬁﬁ fody-RargnEoitey di¥d 5 hexane arid

4¢€5{Hcyclohexylnethane di i socyanate. Such

OCNR-NHC":NH-RNCO (D)
O

20 wherelin, each R independently repre-
sents an aliphatic group or an ali-
cyclic group derived from the diiso-
cyanate, and

the biluret polyisocyanate has an urea dimer
25 content of not more than 0.5 % by weight,

based on the total weight of the biuret poly-



di i socyanates can be used individually or in conbina~ tion. Among them
hexanet hyl ene- 1, b-di i socyanate (hereinbelow, frequently referred to sinply
as "HVDI") and isophorone diisocyanate (hereinbelvw, 1{AmilLe2008 10 referred
to sinply as "IPDI"), which have been widely used ~.n industry, are
preferred, and HVDI is nost preferred. Exanples of biuretiz~. ng agents used
in the process of the present invention include water, a nonoval ent 15
tertiary al cohol) oz~m.c acid, hydrogen sulfide, an organic pr~. nary
menoam n, e and an organic primary dian ne. Anong them water is preferred
because the use o water not only enabl the production of a |ow viscosity
pol yi socyanate, but al so dues not cause the by~pro 20 duction of a

fl ammabl e gas, dsoowiamagas amd roeoiuseay bendatenszidinfecdmir~~e. I n step (a)
of the process o the present invention) the di.isocyanate and the

bui reti ai ng agemoungs dincdndiqbjtdet srero dimers i vheredhcthdn, are used in a
mo 25 lar ratio (of the diisocyanate to the biuretizing 1 April, 20083 26
agent) of at |eadteaq digiexr eyaaiantatls dgfdined afdthet PREFENEhan 40,
preferably not nore than 30, nore preferably not nore than 20. 'Wen the
nol ar ratio o~ t3fe the Sg@mPR & BEanhassrdred 2rPn§h&g¥Reai s | ess than 4,

the 5 viscosity of the produced pol yi,socyanate becones di sad vant ageously
‘high® and such &8 WA &85 P%%ﬂ?ﬁ@y&ﬁﬂ’@a@gﬁﬁ&f“ 8% Eggd f or obtai ni ng

an excellent cogt,ing .conposition nd the l.ike LlLlustratively stated, a
hi gh viscosity 3’0‘1'%9%"0 : ai’tseocﬁa%‘agtq gf\/?/_%&’f’&&f‘ﬁb#’let ?}%v"\‘n_%%ﬁ\éa pol yol (whi ch
s amain agent §f A LALLM \(lal Pl -2oAtkanIggyanate as a
curing agent), so t At en a coating compos~.tion is prepared using such

a high viscosi tyc&%%rv%g%a%%ﬁ ddhanPddidd Gertkents @fiithe coating

conposition becones e nolar 7,5 ratio of the diisocyanate to
the biuretizing PR | kDI Sidd HFE Aé),péeb@ MHihedl tHohaneol yi socyanate is

| ower ed, which i's di sadvant ageous fromthe vi ewpoint of productivity and
ecof@ny. Zn the pirsossedfaideopraceiyd, iivahd gal Weemesxri2h ter is used as
a biuretizing agent, it is preferred to conduct the first reaction between
a diisocyanate attrowdiesgrami hengpresence o~ a solvent. It is preferred to
use a reaati.oz~ solvent capable of dissolving both the dxi soeyanate and
wat er) since a hohbgemusiveattpolysocyarmtaneditid ot ai ned under
reaction conditions used 1 April, 2003 z7 in the process of the present

i nvention, so thtrantreittrneeioh af Ak Huck 45 RERFIFEL U
bond- oont ai ni ng conpounds, can be suppressed.. Therefore, when a solvent is
used in step (a)439tnMsusingerreell BAVIME aengtfe R % Sed in an anount
which is sufficient to forma honogeneous reaction system Wth respect to
t hel2ol vent used®?H step (a), it is preferred that the solub~.lity of water

(as a biuretizin gent ), .. t he.sol.vent .i % ig r re. 10 \Wen
the solubility o?daateiesrg%%tjr%?/\e % ﬁéhur&%i%qgas\?e%éﬁ%ea&%gﬁgg%%munt of

sol vent nusteBEngdflgdctohNikeack! oBsYaLaMy ThEeySEpl @ |arge amunt of
a solvent necessitates extra costs for separating and recovBring the
solvent after the reaction and) hence, is 15 econom cal ly di sadvant ageous.
I'n addition, fromthe viewpoint of ease in separating and recovering the
unreact ed dpi,socyasapgockbsi ScBbelighgetot PEémtHe WAoeteng, pohn§top t he
solvent is |lower than that of the diisocyanate. Specifically, the solvent
preterably (4¢d kthe isolation of the biuret polyisocyanate is per-

formed by removing the unreacted diisocyanate from the

second reaction mixture.

4. The process according to item 2 or 3, wherein the

25 at least one diisocyanate is a hexamethylene-1,6-diiso-



20 the preskEnt invention is at |east one solvent selected fromthe group
consisting of a conpound represented by the following formula (XlI) and an
al kyl phosphat e: 1 April, 2003 28 ~3 R10 ( CHCHzO ) Ap¥il{ 2008 ) g wherein
each of Rl and AZ independently rep resents an al kyl or an acyl group
having 1 to 4 carbon atons, R3 represents a nethyl group or a hydrogen
atom and n represents an integer of 1 ox 2. 10 Both the conpound
represented by formula (11) abo ve and the al kyl phosphate do not react
with an isocyanate group. In addition,;bath of the above conpounds are
hydrophilic, so they can be favorably Used in a reaction system where the
biuretizing agent is water. ig Exanples of conpounds represented by fornula
(11) above HASOFFENEGBrounds whi ch are used as ethyl ene glycod. -type

sol vents and conpounds which are used as propyl ene glycol-type sol vents.
Exanpl es of ethyl ene glycol-type solvents include ethylene glycol

nononet hyl .ZO ether _acetate, ethyl.ene gl noet hyl et et _aget ate,

et hyl ene gPyco|HﬁﬁhéFﬁF§F§pfF9&ﬁ§é“9aE%&é@@{°§%h§?e%§38 y?o%on%hoisopropyl

et her acet , hyl,en I - N- Qut.y ther acetate, ethylene
gl ycol . di g’té’%traet%te’ﬁ w&%%iglr%e%&zyiﬁ%#nﬁjﬁﬁ W&etﬁgﬁ, et hyl ene gl ycol di et hyl

25 her, ethylene glycol di-n-propyl ether, ethylene gly col diisopropyl
et her, ethylene glycol di-n-butyl ether, 1 AQril, 2003 29 ethylene glycol
methyl ethyl etRefe HBdneddotean YiltelnS B0 Pklre@hNelin @&aﬁl ene glycol
met hyl n-butyl ether, ethylene glycol ethyl n-propyJ. ether, ethylene

gl ycol et hyla) sapieomsirst hodactidly | mstarady cle aiiWodyamans winaet her,

et hyl ene gl ycol n-propyl n-butyl ether, ethylene glycol isopropyl n-butyl
et her, d-~. etdbdens gemrtdrmmhdretthd ptdmsnecatfatat; ldiastthyneneogl-ycol
nonoet hyl ether acetate) diethylene glycol nono-n -propyl ether acetate,

di et hyl ene vinic gie artead simmopstie Ifraiherongict tiing ofi & pdmmeaingl ycol

nono- n-butyl ether acetate, diethylene glycol diacetate, diethylene glycol
di nEd hyl etdenrespnged/|ynecthy yiollawindyiomule  (Idiletand are adikidol

di - n-propyl ether, diethylene glycol diisopropyl ether, diethylene glycol
di - n- but yl Ridephans: di et hyl ene gl ycol methyl ethyl ether, diethylene

gl ycol methyl isopropyl ether, diethylene glycol nethyl n-pxopyl ether,

di et hyl ene gl ycol nmethyl n-butyl ether, diethylene glycol ethyl isopropyl
ether, di.ethylene glycol etgyl n-propyl ether, diethylenE glycol ethyl 20
n-butyl ethex, diethylene glycol n-propyl n-butyl. ether. and diethylene

gl ygel isopropyl. n-butR}Q€dECH ADYnR2t hese cvnpvundsy) preferred are

et hyl ene gl ycol nononet hyl ‘et her Acefat e, et hy~. ene gl ycol nonoethyl ether
acetate, ethylene g~.ycol diaoetate, and diethylene gly25 col dinethyl

et her.
wherein each of R! and R? independently rep-

resents an alkyl or an acyl group having 1 to

4 carbon atoms, R3 represents a methyl group
20 or a hydrogen atom, and n represents an inte-

ger of 1 or 2.

7. The process according to any one of items 2 to 6,
wherein, in step (b), the adjustment of the unreacted
25 diisocyanate concentration of the first reaction mix-

ture 1s performed by wiped film evaporation.



1 April, 2003 30 Exanples of propylene glycol-type solvents include

propyl ene glycol nononethyl ether acetate, propylene glycol nonoethyl ether
acetate, propylene glycol nono -n-propyl. ether acktApxil, 2008yl ene gl ycol
nonoi sopropyl ether acetate, propylene glycol nono-n-butyl ether ace tate,
propyl ene glycol di.acetate) propylene glycol di~ nethyl ether, propyl ene
gl ycol diethyl ether, propylene glycol di-n-propyl ether, propylene glycol
di i sopropyl ether, propylene glycol di-n-butyl ether) propylene gly 10 col
met hyl ethyl ether, propylene glycol nethyl isopro pyl ether, propylene

gl ycol methyl n-butyl ether, propyleme glycol ethyl n-propyl ether,

propyl ene glycol ethyl isopropyl ether, propylene glycol ethyl n-butyl

et her, propyl ene glycol n-propyl n-butyl ether, pz~opyle 15 ne gl ycol

i sopropyl n-butyl ether, dipropylene glycol nonomethyl ether acetate,

di propyl ege glyrg.%e?ﬂgtgge)gg hg(éc%pro ; &tﬂ A Rhd el

mono- n- pr opyl at e ene ycol nDnorsopropy ether

acetate, Pégéewheﬂ@x%ysots”&@ aé‘s?&’tyéf@é@%eﬁ%tﬂtﬁjeéjﬁéﬁ oyl 20 ene
gl ycol diacetate, diprvpylene glycol dinmethyl ether) dipropylene glycol

di et hyl e&hﬁéd gi phopvhgBsai¥sQ!l di n-propyl ether, dipropylene glycol

di i sopropyl ™ et her, dipropylene glycol di-n-butyl ether di propyl ene gl ycol
meghyl et hyl ether di propyl ene gl ycol nethyl |sopropyl 25 et her,

di propyl ene gl ycol nethyl n-propyl ether, dipro 1 April, 2003 37. pyl ene
gl ycol mephyl mnbupybcesheaccdrpingytensnyl yoolof ettums i 3ops dpyl et her)

di propyl ene glycol ethyl n-propyl ether, dipropylene glyool ethyi n-butyl
et her, di phepglinondngkyepl (A}pr bhel rembvayl oft bee undeaecpedpdtiene gl ycol 5
|sopropyl n~butyl ether. Anong these conpounds, preferred are propyl ene
egcoI~nph§ﬁ§Vﬁ9ﬂtétﬁ@PmaGéﬁaﬁéCOBﬁo§9ﬁngé°§I@éﬁg uRenbe8t A$F et her acetate,
propyl ene glycal diacetate and di rop | ene gl ycol dinethyl ether. Exanples
of al kyl SHE@GRaPEéWiﬁ@FUJélﬂrFNéBﬁﬁF iBphosphat e, triethyl phosphate,
tripropyl phosphate and tributyl phosphate. Anong these al kyl phosphates,
p S erred are trimethyl phosphate and trzethyl phosphate, The
above-nenbroneg solvents can be _.used g%vrd 15 all%n0£ en cgnbrnatron

From t he |ewp PﬁtPEchﬁﬁngggfﬂénPh§° F@a Vhefﬁ soeyanate
concentratj on 0f,d 'l% O*Prt @{t’ﬁ?:% RQ éﬁ% égﬁakéfg 4 Bglhg shB gckggm storage

t he use OP a ntxe rocess o the pr esent

i nvention,. SRee fi4 gg l%%a%@:x%’h%khyl ene ¢l ycol -type solvent and an
use

al kyl phosphate ar in conbination, it is preferred that the wei ght
ratio of the ethylene glycol-type so1vent to the al kyl phosphate is in the
range of from3/7 to 9/1. zt is preferred that a m xed sol vent as nenti oned
ahyve is 23 Usdthd PrIted® WHcordingOmo2@niyoone ofby temsghlt tobased 1

April, 2003

wherein step (a) comprises continuously conducting the
following substeps (i) and (411):

(i) agitating a mixture of the diisocyanate and
the biuretizing agent to conduct a reaction between the

20 diisocyanate and the biuretizing agent in a homogeneous

system of the mixture, thereby obtaining an intermedi-
ate reaction mixture; and

(11) feeding the intermediate reaction mixture to
a plpe reactor to thereby conduct a further reaction

25 between the diisocyanate and the biluretizing agent in a



32 on the total weight of the diisocyanate as a raw mate riaJ. and the

m xed solvent. In the process of the present invention, an OH acidic
conpound, such as di (2-ethyl hex-~rl) phosphate 5 dasAprilc2008 Unexani ned
Japanese Patent Application Laid-Open Specification No. 8-225511
(corresponding to U S. Patent No. 5,641,851), may be added to the reactior~
system Wen an OH acidic conpound is added to the reaction system the
rate of the biuretizing reac 10 tion is increased, and it becones possible
to suppress the increase in the diisocyanate concentration of the

pol yi socyanate during the long term s8orage. In step (a) of the process of
the present invention, the first reaction is conducted between a diiso 15
cyanat e (% i i el i 2z e(ﬁ é¥y I ni I h tion

m xture %’oqn tgol‘ﬁiér?gc'e{{hédlhén}%e ctéeg ad#@o%%na eﬂan@cﬁ%%%dr gfﬂ'&&llﬁ%socyanat e.
In the first reaction, the urea bond-containing conpounds includ~.ng the
urea dinmer az~a forned by the reaction between the 20 i socyanate group of

the diisocyangisriithd 1w Pt StpFeddite 20RRnt B8 Wi 1t Weh dehe urea bonds in
t he uxea bond contai ni ng conpounds are converted into the biuret structures

by a reacdd¢eipd@tiveedetdel Urea bond -contai ni ng conpounds and t he

i socyanate groups, there 25 by obtaining a biuret polyisocyanate. It is
preferred 1 Mps i polPliBcPdnatmtof hehd i psésercacinmntiorcdmt ed at a
tenperature of from70 to 200 ' C) nore preferably from90 to 1SO C. Wen
the firstbtenetiobrustevedoentaining pehpesocyarae ovpich b - C, it
beconmes d~.fficult to advance the above-nentioned reaction. On the other
hand, whebainedfbysreagehingonati tesshdovecdibsoayarapersgisetetgher than 200
C, the pol.yisocyanate i.s likely to suffer discolorat~.on . Tha first
reacti on PEfmeERet AECUP| s8RGARBiRIaAE 2D 2htrhehict ALiFRC¥RAESi n step (a)
may be perforned in either a batchw se nmanpner or a continuous panner.

\ : h 2 !
However, FRONPRhBLIFEGHOFNELSPOGYBRALE VAED AnBLPRETHFKRY R9°RE-preferred
t 9 .conduc he firs eactiogn.in cont i nuous_nanner cifically) it is
pggferredk%ﬁﬁﬁtf§£§%géy(ﬁ%aggdpeF$8r§8%yB§°fﬁ3n3 ﬁt?ﬁuggé REThod descri bed
in Exam n a . Pat ent i I | | LORs NQ. ,, 6R3 6, which
conpri;esgggﬁp?ﬁggﬁgﬁgﬁcgﬁqS@?P%ZE?EEQEBFFgmfﬁgEéggéﬁgp§ ?f?égﬁd (iri): (i)
agi {ali nds@Ab¥huberRbrasdhkaackynehg 28d18wlgPEERRLALNY agent Lo conduct
a reaction Eetmeen th 11 socyanate and the birdretizing agent in a
honogeneous system of the m xture, thereby obtaining an inteznedi ate
reaction mxture; and (ii) feeding the internediate reaction m xture to 25
a pipe reactor to thereby conductOa further reaction 1 April, 2003 34
bet ween the diisocyanate and tqg [ ﬁ%i&ng agent in a piston flow,
t Hey eby obtaining a first r sad ol "M & TREY When the reaction is conducted
using a pipe reactor in a piston | o@=@he whole of the reaction m xture

N

|

In the present invention, such a biuret structure
20 -containing polyisocyanate is referred to as a "biuret
polyisocyanate”. The reaction between the diisocyanate
and the bluretizing agent for obtaining the biuret
~polyisocyanate comprises a reaction between two isocya-
nate groups and a biuretizing agent to form an urea

28 bend, and a reaction batween the formed urea bond and



5 resides in the pipe reactor, and thus, the urea bond containing conpounds
easily react with the isocyanate groups. As a result) the content of the
urea bond -containing conpounds can be remarkably dkAprite2008he reaction
in substep (i) can be conducted using, 10 for exanple, an agitation
~ressel -type reactor, under the reaction conditions described above for
step (a). In the subsequent substep (ii) conducted in a pipe reactor, the
reaction is generally conducted under an atnospheric pressure at BOto 180
C, preferably 90 to 15 160 C. The readion tinme (that is, residence tine)
is generally 30 to 240 m nutes, preferably 30 to 120 m nutes, and the fl ow
rate of thsnrﬁes%ab@ﬁagbtx WhBp $002BeMak! ¥1 0@t t O BushiiFe . Prfedieabl y 0.5 to
0

2 mhr. In step e process of the present inven 20 tion, the

concentrat j@npef phhe1vanaschedidhi3ogyaneheréspébe torehereesst on mxture
obtained in step (a) is adjusted to a specific |level. The unreacted

di i socyanateosofeentozhiny ah LReaasoHAl (A6 hakan gy Jodfsudie ainr eact ed

di i socyanate, based on the total weight of 25 the unreacted diisocyanate
and the pokghsesyanatherel cApr ble, mdd@2odtd( nbachicnat pepsesdrtedea
bond- cont ai ni ng conpounds in cluding the urea diner). Step (b) is conducted
SO 8s to agjyushet FO1uozaaet Edrthulaecyanat eocgasgntrati on of the first
reaction mxture to a level in the range of 5 from3 to 20 % by wei ght,
preferably 3 to 15 "a by weight, nore preferably 3 to 10 ~ by wei ght. Wen
t he diisocyanate concentration is t S| ove.-nentioned, range, the
rate of theQ@oBNeOot HRQ Ur 9&@@?‘%@%@?@6 FR2t he seg%%‘n ‘reaction
conducted in 10 the subsequent step (c).gThe process of the present

i nventi on has been devel oped, based on a surprising finding that the rate
of the reduction of the urea dinmer increases when the second reaction is
conducted in a reaction systemwhere the unreacted diisocyanate con 15
centration is_in the above-nentiqn j fLCo T ) expl ai,ged in detai
above, the 2FEN -ForiCON+1REOWES dﬁ%@&o’ﬁg{{?é@&@g@&’fﬁégn' i sggg hat e group
to convert the urea bond into a biuret bong, thereby elimnating the urea
di mer contained in the polyisocyanate, In 20 general, it was conventionally
considered that the higher the isocyanate group concentration o~ the
reaction system the faster the reduction rate of the urea d~.ner content,
so that theocRapRHNEO 4;0(1@539 3@®Ha—p@GNReNWeRMO be xapidly reduced
when the reaction 25 ~.s conducted in a reactilon system having a high
uz~re-~ 1 Aril 2003 36 do However, aCIItdinan. ~ ornate cancentra ed
diiso Y it has been act of the present inventors %HPom/unre_ to the studies

a react-on system hayi n~3 + CO, + CH,C=CH,0 (a3),

20CN-R-NCO + H,S — OCNR-NH%NH—RNCO + COS (a4}, and
0]

20
20CN-R-NCO + CH,NH, —> OCNR-NHCNH-RNCO + CH,NCO (a5).

|
0

A yrea bond-containing dimer of the diisocyanate, whilch

25 is produced in the reactions shown above, is the "urea



dthat , inth gto 20 ~ bY romf out. concentration of ion o the urea dyer
is diisocYanate acted the rate o the redact rea system hav~-ng ction
~tei.9ht ~ s conpered to that in thA ncentrat~. on elcApdiln@003 3h unreacted
di ~. scyanate ¢ a high con ht, tutor 20 ~ bY Wig a the ixst reaction mx
ornate, an In general, sinc of the unreacted d~isocY ,ns a | arge nount
ocxanate i S xenoved fromto tay when the urirea@ o the unreacted dii.s
eXCess reaction mxture HAM~rer. of the First reaction a f first th sacY
eynmenti o.nad range. a di _ ornate conceAfration ed dii =e is | oWwe= than the
abov m-xture~ to the t reaction tra_ mlx pate is added to flr d

di i socyanat$s Pt eFegies dnté Sy FormifldIStI Naddiee UunrBactieeaohontxture to a
desired the adjust_ thereby level. reacted diisocYanate for the tian of the
reacts v$1l frus heotiedr heiet € onrentamtisorpdnaenugoiug hehemedact ed dii socY
exformad bY extxactln nmeat tore cax~. be p oc ana such as te. first
xeacti.on nformbhgeatbiupet tdrerpotite s ThieZecdls Soaperticulad with a poor
t or a x7.uid in a cri the prey racebs of |,ow poiar~'ty solven of the
~,ati on~ HoMEvetationtwktP respect to the reaction for forming a

5 biuret structure. As an example of such a reaction,
there can be mentioned a reaction represented by the

following formulae (B):

OCN-R-NCO-+OCNR-NH%NH-RNCO -

10 0
i
OCN-R-NH*C-$~R-NCO
IIIH
$ (p)-
NCO
15

The process for producing the biuret polyisocya-
nate involves not only the urea dimer-forming reaction,
such as the reactions of formulae (acl) to (a5) above,
but also various side reactions which form urea bond

20 -containing compounds other than the urea dimer. Exam-
ples of such urea bond-containing compounds (other than
the urea dimer) include a compound represented by the

following formula:



erred tna~' the xenoya7. distil bY owned pY distillation ~Y .~, ~ention, it
is pze gent ~. ted diisocyanate ~s perf unreac 25 1 April, 2003 37 neans
of wiped filmevaporation. In the wiped film evaporalifdprili 2O030ont ents in
the evaporator are forcibly treated so as to farma thin film thereby
facilitating the evaporation of the diisocyanate (which has a 5 | ow boiling
point), so that the diisocyanate can be ef~.ciently separated fromthe

pol yi socyanate. In the process of the present invention, i.t is preferred
that the first reaction mxture is degassed befoxe being subjecting to the
wi ped filmevaporation. 10 When the polyisocyanate is produced using water

as a biuretizing agent, N i oxi jéé%Q is generated as a

by- product gas. Conventi g’?ﬁ%—}gtlﬁg%@z ) &g“?consi dered to be
substantially insoluble in the reacth on m xture, but actually) a part of

t he by-produced 15 C02 gas is dissolved in the reaction m xture. The anount
of the gas dissol~re~, in the reaction m xture varies depending on the
reaction aonditi.ons, but is generally in the range of fromO0.05 to 0.4
N/ (wherein MbreRBans 18l ads iARagHEEGs URd normal 20 tenperature
and pressure conditions (0 'C? 1layn§). Vﬁen ?%ék$f?$t reaction mxture
cont gi ni ng khg ga&oagsaabvaﬁvﬁﬂgt%!@tkﬁgEaéetQhé?siﬂﬁQ@dléaé &y&por at or
which is operated under a vacuum condition, the follow ng unfavorable

phenomenon e&ctihe. tékminag d@%@@bﬁ%ﬁeiQraﬁthBfffﬁétbiﬁféti?@lﬁﬂ-Xthe
vapor a. xes and e~epands i,n the 1 April, 2003 38 wi ped fil mevaporat or

and causes aspaytnaftet Bhiokin 3 Fe&€L2aN (P XaUbeet Os DEoseatt&d ethent 0 a

cool i ng apparatus (used for condensing a vapor conposed of the unreacted

di i socyanat &Jt. UYR@ PR .scattered first reaction mxture adheres to the

cool ing apparatus. Wen the separation arid recovery of the unreaCed

dii socyanate is pérf&rkB@visithgtsths aresencagofipple artea dimemdirared first

reagtion mxture.is caused to be m xed with the recovered unreacted

dii§8cyanat§.eTﬁF&fﬁﬁeR&&@H@ﬁCﬂ@nﬁéﬁkéa|9nece§r§hah§ﬁu§ﬁ§ afiotde of the

first reaction ure f%geto,the wi ped fil mevaporator is |large, |eading
0

to a Iomeriﬁ&rgghﬁﬁg PffeFfeoPitre th POLELspEY2)REBcyBREt ERe PHESREY ant age.
| ddi ti . i t lyi t atained in th d

i socyanat SYBAEARS. Bopbe oo B0 -8 BB ARt "Fhelfy | FE fetover ed

di i socyanat grle@sRaye + ehﬁQ@ayFﬁﬁﬁ&sékﬁtehﬁe§ﬁ2¥% nggxgggb#%%gffectlng the

physi cal propertieS of the polylsocyanate. ove-nent 4" Unf avor abl e

phenomenon ekafa®@, Mk ®dlobnREC Yot sd¥ikNYo! BRebEAEL LRB HOGrRE0duUci ng the

bi uret polyisocyanate, when the"biuretizing agent (such as water) used is a
conueund whipeliygenefanesed tidmdadeaiingasucbianadasiagr b8 Qtafaﬁs),

However, the anmount of the biuret polyisocyanate contained in the 25

recovered daitsdoyatahperartigedgadidi BgcRrehger 88Ct10Pidity dur-

ing the storage at low temperatures has been considered
to be due to the increase in the concentration of di-
dsocyanate in the biuret polylsocyanate). The urea di-
20 mer content of the biuret polyisocyanate of the present
invention is reduced to a level of not more than 0.5 %
by weight, preferably not more than 0.3 % by weight,
based on the total weight of the biuret polyisocyanate
and the urea bond-containing compounds including the

25 urea dimer. When the urea dimer content of the biuret



1 April, 2003 39 conditions, but rn8y sonetines be as nuch as several

wei ght percent, based on the weight of the recovered diisocyanate. In a
preferred node of tha process of the present 5 inverk April,i20@3ew of the
above-nentioned findi ng about the phenonena caused by the by-product gas,
the first reaction mxture is degassed to renove the gas dissolved therein
before being subjected to the wi ped filmevaporation, so as to prevent the
i ncorporation of the 10 pol yi socyanate into the recovered diisocyanate. The
degassing of the first reaction m xturma can be performed, for exanple, by
the follow ng method. The system used for the production o~ the

pol .yisvcyanate is proyided wth egassi ng. ar S iLog the sane 15
degree of 98&§&ﬁ1°3§ainﬁ\éﬁh§xﬁneﬁéﬁ ﬁrgm e nggéggg.' ?‘hg 1?%’?isl%ereacti on
mxture is_fed.to the gassi a u equdp rtgon thereof, so
that the fppiyl,sgggﬁn %%m%>?§8&gsi gggéggsggghayi %Ef gﬁéng@r%{r:n t he upper

portion of a%%%td%ga%Sio'}g;L%'@,Q‘%r atus. Wien the degassing 20 of the first
reaction mxture is 1nconplete at the time the first reaction m xture has

reached the surfage Yeal R8mkirdubdtBRas8satnbheihever ppoyisosyat the
degassi ng apparatus, the |1 quid phase beconmes foanm ng at 'the surface

therseof , sqataat; & R Hiidedt dseatld perdentUo ithedar2a g@isaedeakn this
method, it is not preferred to feed 1 April, 2008 40 the first reaction

m xture di RaEdibdd tdaH\WRleap@iedn iof o ke ldpgaseiatdoapparamas cont ai ni ng
the liquid phase, since the degassing of the fizst reaction m xLure may

becone i ncamyeine . ofl th«l agassith pdgiacayan s enwpntaiadndppbe Whth a
stirrer. However) since the de gassing apparatus is operated under vacuum
condi t i ons reduwe:est rdict aneyafa tieh ande gdes iure fa eaydraes U admes COBpl i cat ed
when it is equipped with a stirrer. Therefore, the use of such.a

conpl i cat ec>appis athrsefyen fdredntal Rt Akl ReFKSef &5°IHSHS t he
tenperature of the first reaction m xture to be squecte%éxzéﬁgavaed film
evalor at | orPf & AR ¥FRF1IReh G HdS GeRP Tt A G REESS d# % eact i on

m xture. \Wen the t erature of the 15 first_ regcti JxtureLis higher
than the bcﬁ%??}ge‘b%fﬁ*tpl%? vhe? H53k arsecécal?%% T X erer?e%adr?i)én ést%’\}orabl e
entrain ment is likely to occur when if Js. t i dilm
evaporator.Y é Y%%vg?e of *thet Yt i%%c‘b%‘h%tlég ?L?%érf?]thzﬁ} :Aérrgate%r e 20 action

mxture oan, benger {0k TEfLpn Pt 0! © 13 90 Yriikrd, Shidhesvepednt

evapor at or ernat , 1Th tw stages using two wiped film
evapor at or Sg&£PNHEEhESt 1 On SERESfato YR LHea W Hedle f éiuni ey aros ajrexn i s

conducted in two stages, the degasSing of the first react~.on 25 m xture
canjge perf@imed 86h06nt0igaghgsl agéxrmeadidprthromfddgridm obtained
by subjecting a biuret polyisocyanate to gel permeation
chromatography under the conditions described in the
Examples of the present specification.
Further, the biuret polyisocyanate of the present
20 invention exhibits a transmittance of at least 90 % as
measured at 430 nm using a cell having a length of 2 cm.
Such high transmittance means that the biuret polyiso-
cyanate is not discolored. In a conventional method
for producing a biuret polyisocyanate, a biuret poly-

25 isocyanate is heated for a long time to prevent the



zn step (c) of the process of the present invention) the first reaction

m xture is heated So as to conduct a second reaction for decreasing the
urea dinmer content of the biuret polyisocyanate) thusAepilai200@ 5 t he

bi uret polyi socyanate of the present invention. In the second reaction, the
urea dinmer fornmed in the first reaction is reacted w~-.th the isocyanate
group to convert the urea bond into the biuret structure, thereby
elimnating the urea diner. In step (c), the first re |10 action m xture

whi ch has been adjusted with respect tas the unreacted diisocyanate
concentration is heated at 110 to |60 C ( preferably 110 to 140 C . Wen

the reaction,tenperature is | ower, t Qi he t e reduction of
the urea dPﬁéﬁﬁ%99§QQ5§?aﬁ%§EE &éP@h%QrF%aeﬁg%?ﬁgméﬁe ?ﬁg£?%§ction
tenperature i s _hzgher t I | i gpsyanatgois 7.~ kely
to suffer i?(?&%rﬁ%%n@%@%éca% r}éﬁbfﬁ%ﬁ;?g%ﬁr(tg?gl gtconguzt edoso that the

urea dimer SsHld@nt; bijysal ypebysaeexanat ecbeepaes not nore
than 0.5 Waﬁgﬂag?%h%kgi¥%in |f£%231nportagf that the heating ~.s conducted

so that the jbjir ebnPehkactaeyanaha , adnsenexphitst fol ransths tmnoce of at
| east 90 % as neasured at 430 nmusing a cell having a length of 2 cm Wen
t he § ransnmgdd@anesl yisdSamdimndtls grhisentednyentabnt héhei nakapol yi . so 25
cyanate is discolored. In order to obtain a biuret 1 Auril, 2003 42

pol yi socyanainte MWdart seitiediis the ransret peyisosyaaetieeaynigh ~ the
heating is conducted at a tenperature within the above-nentioned range for
5 to 90 ni redwses pried enmthidbty coBoEhd rhiivget Pelyisosyapatry $Sto 30 5

m nut es. When the heating tinme is shorter than the above-nEnti oned range,

t he reduct iehininated witheiehedbbnmethe RNISCLYESAEe WEN % he heati ng
tinme is longer than the above-nmentioned range, the transmttance of the

bi uret pol yiergyeiege 52 Fotkr Hee AT oo RAY HSACTRANG Y5 L?rrtoettﬁ"&ol yi socyanat e

suffers discoloration. Step (%bﬁgan be conducted ~..n either a batchw se
e

mank@r or PESIERHubYEeNEHR e Xt PtES thESh SHARTHT B e urea di ner
ds |like the, t h- ti h i 1] i_d
P roey Tor tre DERaerdet o FRE bifledd L IHIARI RS bIR-IONCE

(c) oy 0e Subst S0t gLbyah e saFcn T e Leamt| A i EErmioneg 0 oL ep ()

is preferably es, nore 5 to 60 m nutes, nost

pref erabl y r%n?e:??ea‘ 4 Efip1 b9 EhEPpLdless Noe Dind et smmgnat e obtained
in 20 step {c) Is 1solate romthe second reaction mxture. Zt i,s
preferred thabnt hend St h0hcdis Lo Bidirptedtltyisneyanang iz perfor med by
removi ng the unreacted dilsocyanate fromthe second reaction m xture. The
rempgal of tbmednpeastbdeditbspepanakeai Bigtep Hol)yLancyendte perich ned by
extraction Wth a poor solvent for the 1 April, 2003 43 polyi socyanate)
such as a | ow pobatiahyiadlyetiiceer of fbti dniy theruregafiimenteut or by
distillation, but it is preferred to renmove the unreacted diisvcyanate by
wi ped fil m El&popihesnureat PendasontarnéngasonpsBripednd ¥R ¥ adj ust ment

of the unreacted diisocyanate con ,
hibits high transmittance. Such a biuret polyisocyana-

te exhibits excellent stability at low temperatures and
20 is free from both discoloration and turbidity.
The process of the present invention comprises the
following steps (a)., (b), (c) and (d):
(a) conducting a first reaction between at least
one diisocyanate selected from the group consisting of

25 an aliphatic diisocyanate and an alicyclic diisocyanate



centration in step (b). In addition, as zn the case of step (b), it is
preferred that the second reaction mx tune is degassed before being
subjected to the wiped fil mevaporation. 10 The pracApsilp2003 present
invention for producing the biuret poJ.yisocyanate in a continuous nanner
is described in detail below referring to the systemshow in Fig, 1. In
the production of a biuret polyisocyanata using 15 the system shown in Fig.
1, a feedstock diisocyanate is continuously fed to first reactor 4 through
inlet pipe 2 at a constant flow rate. fnultaneously with the deeding of
the feedstock, a biuretizing agent.is continuously fed to first reactor 4

t hrough inl et 20 pi pe at a constant flaw rate  First ct.qr is a
conpl ete m%ﬂqu?t%%ﬁiﬁi;%¥ﬂﬁ(ﬁ9 s@%eéﬁﬂﬁbﬁﬁg WF}ﬁraéﬁﬁggo%gstﬁﬁd heat i ng
jacket 3A. Jn first reacgtor .4 eqGt . en .t i i,secyapate and the
biureti2in Jdggeqﬁyqlﬁa%eo‘ric@ucﬁhfd,b%t"{?gftégf%%o% ge\ﬁ&ng Sa ioglstd‘ :E%t 3? me 25 diate
reaction mxture. T erat j ] 4 reaction
is renoved ﬁi}ﬁ o"ﬁjg‘ﬁ O&%%ﬁ?trg‘ﬁhpeﬁédcan dcd(}%' engnei rx tjffgo "I;Jk?g rtfa?%??x g4 _
Sntermedl e "GALA AR AI A Gt d el iy SPOA 23N svRnAUGN Pl pe 5
ctor Is also a co

Second rea l ete m xing-type agitation vessel equipped
w~. t4 agitator 6 @NchdRAld i @tk PofAntArdtidlon e theathireaciteaconducted in
second reactor 7, thereby obtaining a second internediate reacti on m xtuxe,
and the gasgoesespdmdealuin Nthd heirenatd Aot icnh meimmeark tta eudlevedhaust pi pe
15 and condenser 16 (corresponding 10 to substep (i) of step (a)). The
second i nt eimechat angacét ofrom ~3ttw 20 s¥ fiy welrghinph brisedd ®nt dhe serial ly
connected pipe reactors 9, 10 and 11. Pipe reactors 9, 10 and 11 are
equi pped W thtahcketsh©/of 1the amirddgged edbaqevanate and |the Mt her
reaction is conducted in 15 the pipe reactors, thereby obtaining a first
reacti on miRxetreolybseerpoatehg to substep (ii) of step (a)). A smal
anount of gas generated during the reaction is renpved thrqugh, exhaust pipe
G BaGe

17 %@d condenser(aB. haating dihe Ldastoraactione ST &R M &R t hdr awn
from 20 the pipe reactors and is introduced into inteén%flj ate tank 19
t hrough pi pe®e?. afdusted gith EesPegE FOnthe x1IF 825 5%¢ AP YA si ng

2 d fi j : [
FEbet i on m AeupeRPeRTERPEah. ARcatFRI kb E0apby &t bhfasr e ul E ke 00
unreact ed di70598Y 388! £cCPOCERLE BbY ek Bobii® kidtnd Bbnctiodpri], 2003 45

tion mxturé”rs adjuste correspondfng to step (b)). The unreacted

di i socyanat gnyhi phohici REP¥CH1hPe80bBEY1 EheyHRaLacCo £l Kb i posyanaL €
concentration of 'the firSt reaction"mXxture is recovered through w thdrawal

5 piige 22, apdehkeohlr ahar eactzon m xture which has been adjusted with
respect to the unreacted diisocyanate concentrat~.on is fed to heating

vessel 23. zn heati)ngisebs€ing 3thd eidrésStpdEaddyamite fmom sthveat ed to
performa second reaction, to thereby obtain a second re
second reactlon mixture obtained in step (c¢).
The diisocyanate used as a raw material in the
process of the present invention is at least one diiso-
20 c¢yanate selected from the group consisting of an
aliphatic diisocyanate and an alicyclic diisocyanate.
As an aliphatic diisocyanate, a C4-Csg aliphatic diiso-
cyanate is preferred, and as an alicyclic diisocyanate,

a Cg-C3g alicyclic diilsocyanate is preferred. Specific

25 examples of diisocyanates include tetramethylene-1,4



10 action mxture (corresponding to step (c)). Subse quently) the second
reaction mxture is fed to wiped filmevaporator 24, in which the unreacted
dii socyanate in the second reaction mxture is renovadApkilp2@®3ni t hdr anal
pi pe 25, to thereby ~isoJ.ate the biuret polyiso 7.5 cyanate fromthe
second reaction m xture. The isolated biuret polyisocyanate is w thdrawn
fromw thdrawal pipe 26 (COreSponding to step (d)). The biuret

pol yi socyanat e obtained by the process of the present invention not only
has a very low con 20 tent with respectsto the urea d~.ner (which is
causative of the turbidity of the bi.uret polyisocyanate, which occurs
during the sjorage at,,|ow es). _ 4l ' l.or —
transparentfégpse%ﬁfala}’c%ﬁy,ﬁ?erg&fje?éehyldeﬁ)neerlb’ﬁ)n eiﬁ%%d&i‘nﬁtg'b%%?gt

pol yi socya ' t It i?ﬂk 5 sl f r.ably not nore
than 0.3 %q‘g%/&:}%%rll‘lr@,) C%O%%oé m&g’ht?'%&d%ﬁ%ﬁhﬁﬁ)ﬁ ance of the

bi uret  pol Yy SQeyPedl £, ¢ Saff é@%&g{aé’é %y d thadt {d Riyaddie bijscet ,

pol yi socyanat e ‘obt al ned by t%e rocess 6% the present invention contains
substanti al Jyyoon&li d SOEYSPR Lre AN, ﬁm@xs?dé%anmemﬂm@@qbed

di i socyanat’e concentrat3.on of not nore than % by wei ght, preferably not
nor est han hd4dnye Vehd@hi , 4 NOd fops Boles APl ive tigdndmd Ll ddwmrb ey, weaght., Wth
respect to the biuret polyisocyanate, the isocyanate group content is
genez~al | y &iiso2pantabys | anebghised hienddmbina e rag e nodaetuilna- wei ght i s
generally 550 to 1000: and the viscosity is genera7.ly 500 to 50,000 nPa~s
at 25 C. P tidnApringn@dgem,7 HaEsmeMbIE ¢fER ICARRMIINGc@anateE | NVENTI ON
Her ei nbel ow, the present invention will be de scribed in nore detail wth
ref erence toheneinbelowi nfreguentby, rebepeedt Foes BRMDIAS AP Ref er ence
Exanpl es, 5 but they should not be construed as |limting the scope of the
present invandi BROPIRTPRR f&LFBGNARR R akpeERLINRRIEr AT G| es and

of ghence EXaplesh Y2 LU, Y 9ROLEASR. 1T SnlBEhd00 HSth AR ely ove- Ure

used in industry, are preferred, and HMDI is most pre-

ferred.
Examples of biuretizing agents used in the process
of the present invention iﬂclude water, a monovalent
15 tertiary alcohol, formic acid, hydrogen sulfide, an or-
ganic primary monoamine and an organic primary diamine.
Among them, water is preferred because the use of water
not only enables the production of a low viscosity
polyisocyanate, but also does not cause the by-pro-
20 duction of a flammable gas, a toxic gas, a monoisocya-
nate and the like.
In step (a) of the process of the present inven-
tion, the dlisocyanate and the buiretizing agent, which
are subjected to the first reaction, are used in a mo-

25 lar ratio (of the diisocyanate to the biluretizing



The urea dinmer content of a biuret polyisocyanate is defined as the anpbunt

(~ by weight) of an urea dinmer 15 z~epresented by forrmula (1) above, based

on the total weight of the biuret polyisocyanate andltApril; 2003 nd

-contai ning conpounds including the urea diner. A sanpxe of a biuret

pol yi socyanate for the neas urenen.t of the urea diner content thereof is

prepared 20 by dissolving the biuret polyisooyanate in tetrahydro furan

(THF) so that the final concentration of the biuret polyisocyanate i.z~

"UHF becones 0.5 % by wei ght. For neasag enent of the uxea di ner content of

a biuret polyisocyanate in a reaction mxture, the reaction m xture 25 as

such is used a . Apr i 48, T | e i uret

pol yi socyar?gteg&l)s os%ﬁﬁe?teea(fttlg ’g#eggé%eggﬁ %rtl: gﬁfégantgég?g%héo?@C) under

condi ti ons nds dRHALIRS BEPUrddie) S Hoil BB 30GhieEB! pgadgy-The urea
Is determned a

di mer cont ent s thé percent of the area of a peak ascribed

to the uregaliyreit (or® tHAPSK NAMbAJtAe AbRALI PALid NBE CErig egponding to

t he nol ecul ar “"wei ght of 310 when the diisocyanate is

hexanet hyl engydyfirdiid stas @t (dddik)ing kared as tlesst ahah areahef all
peaks, exclusive of a peak ascribed to the 1.0 unreacted diisocyanate in

t he gbt ai ned sdy it o athe G0 e eudiyciisedyandee bleeofelsl diisag -

condi tions: Chronatoprocessor: HhC 8120GPC (manuf actured and sold by TOSCH
Cor por at i onvanitappedus 3olhigts, aiSKgaichSuwpdrigil 00GCcoRSKye lPody¥3&eP-H2000 and i 5
TSKgel Super H3000 (each of which, is manufac turgid and sold by TOSCH

Cor por at | oreyarem )canieihdes dised Gar jgxtaigdng an epgellEndwaests: 0.6

m/mn), and Detector: refractive index detector. ao
ing composition, and the like, Illustratively stated,

a high viscosity polyisocyanate has a low compatibility

10 with a polyol (which is a main agent of a coating com-
position using a polyisocyanate as a curing agent), so
that, when a coating composition is prepared using such
a high viscosity polyisocyanate, the solids content of
the coating composition beéomes low. When the molar

15 ratio of the diisocyanate to the biuretizing agent is
more than 40, the yield of the polyisocyanate 1s low-
ered, which is disadvantageous from the viewpoint of
productivity and economy.

In the process of the present invention, when wa-

20 ter is used as a biluretizing agent, it 1s preferred to
conduct the first reaction between a diisocyanate and
water in the presence of a solvent. It is preferred to
use a reaction solvent capable of dissolving both the
diisocyanate and water, since a homogenous reaction

25 system can be obtained under reaction conditions used



(2) Transmttance: The transmttance of a biuret polyisocyanate is neasured
by nmeans of a visible and Wspectrophotoneter (UV-160", manufactured and
sol d by Shimadzu Corpora 25 tion, Japan) at 430 nm uUsiApgilh 20083 having a

| engt h of 1 April, 2003 49 2 cm (3) Unreacted diisocyanate
concentration: The unreaeted diisocyanate concentration of a re5 action

m xture or a biuret polyisoc~ranate is defined as the anmount (~ by weight)
of unreacted diisocyanate, based on the total weight of the unreacted

di i socyanate and the biuret polyisocyagmte (containing urea bond containing
conpounds including the urea dinmer). 10 A sanple of the reaction m xture or

biuret poly isqcyanate is prepared in substantially the.s manner as
descri bed i¥p i‘i%‘?n?’?ﬁ‘?e%r’bd:@%.ﬁ%@%%ﬁ?&te IRVEIHE Pra & g:ﬁla?ﬁ re or

J.yi te | bj ected t C und th it i bed i
P03 Y00V BeLe 5,200 SHL LA P WY A1 SO sy oo 10
concent 1 at| gty b 5,84 ST BLA, A5 b RAULEN Rk oebEedr GReAl aasgpak ascri bed
to the diisoc;gnae’(i.e.)ap I ron ti

aving a retention time corresQonding to

the nol eculalyvei ghisod 168 nnﬁéiﬂ,e A 1 s0cyadale-ds dlar-BiNe deased on 20

the total. area of all peaks i he obtai ned chromatogram ( 4 ) Nunber
avergge M-~&etlig. isd@i ghta Sedi € wHich P VdsPRyeratie forfdde a

measur enent 25 o~f the nunber average nol ecul ar wei ght thereof is pre 1
April, 2003h&hogenesudyrdhssndyisgstdie. bi uret pol yi socyanate in
tetrahydrofuran (THF) so that the final concentration of the polyisocyanate
in THF becones OW2th Y%rdypeet gid . thdesqlrvepalr atseshimal estep sidj.ecitted to GPC to
t hereby deter s mne the nunber average nol ecul ar wei ght thereof. The GPC

i s conduct etls updefernedcthatt thessebubibbtvy bekl WateX emdg 13 B, (5)

| socyanat e gr oup content: 10 The isoeyanate group content is defined as the

content (% ByziBagRESNE) iBoEhanseEveRBULS § nd a¥ PPYIreRight WL R]FHat e.
10 When the solubility of water is lower than 0.5 % by

weight, a large amount of solvent must be added to the
reaction system. The use of a large amount of a sol-
vent necessitates extra costs for separating and recov-
ering the solvent after the reaction and, hence, is

15 economically disadvantageous. In addition, from the
viewpoint of ease in separating and recovering the un-
reacted diisocyanate, it is preferred that the boiling
point of the solvent is lower than that of the diiso-
cyanate. Specifically, the solvent preferably used in

20 the present invention is at least one solvent selected
from the group consisting of a compound represented by

the following formula (II) and an alkyl phosphate:



For measuring the isocyanate group content, 5 to 10 g of a biuret
pol yi socyanate is accurately wei ghed 15 and used as a sanple. 20 m of
toluene and 20 M of a 2 N solution of n-dibutylam nd AprilpR2008 are added
to the biuret pvlyisocyanate. The resultant mxture is allowed to stand at
roomtenperature for 15 mnutes, to thereby conduct a reaction. 20 The
resul tant reactzon m xture is subjected to back titration by neans of an
automatic titration appa ratus (nodel APB-410, nanufactured and sold by
KYOTO DENSHI Co., Ltd.. Japan) using 128 hydrochloric acid. The volune of 1
N hydrochloric acid necessary for neu 25 tralizing the unreacted
n-di butyl am ne in the reactRgn 1 April, 2003 51 m xture (i.e., titer of
sanple titration) is determined. Zn addition, titration is conducted in
substan dal |y the same REDPGEHGH, @®hjRdned above, exaept that the biuret
pol yi socyanate is not used. The volunme o~ 5 1 N hydrochloric acid necessary
fox neutralizing the unreacted n-di butylamne in the reaction m xture
(i.e., titer of blank titration) was determned. Th%éanount of isocyanate

t

grodps is det er IR h eatbrfarde and Rt APASERBAEN5EF 0 P p The | socyanat e
tent (%b i ght tt b ti_tr.atd - (tit m
of Comnp e t1tr stnee B eyl o ldof B ddidg ke (00 e

Vi scos~.ty: The viscasity j4ret  pol vi i sured using an
E-type vi sconet et ?%Doaerf iﬁ%ﬁ‘gé&p%ﬂ%ﬁt}gt@u?@?‘gﬁﬁggﬁ by T~RXMEC Co.,
Ltd., Japan) at 4o a Gyy@fhddd XM 2%n$tRbidtesdfta 4 Wikle-pol yi socyanate
at 5' C A biuret pvlyisocyanate Is placed 1z~ a colorJ.ess, transparent
gl ass container god &fghtdy seal ed after 25 purging the container with
ni trogen gas. The resuJ.tant 1 April, 2003

10 Both the compound represented by formula (II) abo-

ve and the alkyl phosphate do not react with an isocya-
nate group. In addition, both of the above compounds
are hydrophilic, so they can be favorably used in a re-
action system where the biuretizing agent is water.

15 Examples of compounds represented by formula (II)
above include compounds which are used as ethylene gly-
col—tyﬁe solvents and compounds which are used as pro-
pylene glycol-type solvents. Examples of ethylene gly-
col-type solvents include ethylene glycol monomethyl

20 ether acetate, ethylene glycol monoethyl ether acetate,
ethylene glycol mono-n-propyl ether acetate, ethylene
glycol monoisopropyl ether acetate, ethylene glycol
mono-n-butyl ether acetate, ethylene glycol diacetats,
ethylene glycol dimethyl ether, ethylene glycol diethyl

25 ether, ethylene glycol di-n-propyl ether, ethylene gly-

col diisopropyl ether, ethylene glycol di-n-butyl ether,



5z glass container is placed at 5 C fox 1 day. The biuret polyisoeyanate in
the g3.ass container i.s examned wth the naked eye to determ ne whet her

t he poJ.yi socyanate becane turbid or not. 5 Exanpl e BApritk2008vi ded with a
stirrer, a thernoneter, a reflex condenser and a nitrogen gas feedi ng pipe
was purged with nitrogen gas. 700 Parts by wei ght of hex 10

anet hyl ene-J., 6-dii socyanate (HWVDI), a m xed sol vent of 150 parts by wei ght
of trimethyl phosphate and 150 parts by wei ght of nmethyl celiosolve
acetate, and 15 parts by weight of wat2y as a biuretizing agent (nolar
ratio of HVDI/water = 5/1) were charged to the flask. 15 The resultant

m xture “a?%§§%%%§%9§égﬁda'Hggﬁﬁﬁﬂééhfﬁﬂéﬂﬁ@rqi@Qh§l%%@p%&§kgie of the flask

at 160 C, ect a tirst reaction. The unreacted diisocyanate
concent r at iy 1if1 ti%ﬁfd%}l réafds O tHydldHet g18&oA5 néty 1vei-ghitty120 | n or der
to adjust the unreacted diisocyanate con centration of the first react~.on
mxture, thacHds ,Steﬂ%l?é?ﬁé -gﬁﬁdawéﬂr@maﬁ—p‘mwlnmh@w Rathyfliehe evapor at or
at a feeding rate of 500 g/hr, and subjected to wi ped fil mevaporation at
160 ' C and 1 2 €eglF ~BSopfo P LtReYf, 2 HiA%nRa glAcad rectiyllt, t17. e
unreacted diisocyanate con 1 April, 2003 53 centration of the first
reacgi on mudmiieybesaner 5 SAhyleved gitycolihenwmeepydi merbuwdarit ervheand
transmttance of the biuret polyisocyanate in the first reaction m xture
were 1.5 ~ éyhyeémhtghinco DAigopragypectibutiyl ShEw fdiatdyyledgcti on m xture,
whi ch had been adjust ed wth respect to the unreacted diisocyanate

concent r at i Hhycohsneorenethyh etheX rargpintR nokipidrelene S4%er at ure of 140

C for 30 mnutes, to thereby perfozm a second rgﬁftion. Wth respect to the

bi uret pol yTeReetRyh 8ERET { feetaton LT IRP MM "W Ur ea di mer
t ent t th 0.2 %Db i d_the t 1tt 93 %
Subsequent | JPEPRELSEEBRE PEAEEFBn fi SHOFLENRST BT Gl SOt A
t 6/. P t t ; ' th b
cropgrator LPegEes:tavac i B0 B8, I5idSTREIAULEL IR0 o ot 0 | hercby
diisocyanat g.LBat0e 326eR01ERACKL00 T dLteratll ! Nai LARPHnd QyiiRd SOl at ed

bi ur et pol yI socyanat €, t average noJ.ecular wei ght was 690; the
i socyanat e §ZQUPhGONeeRekCNhliWRAyZénd g1PYoVeh DbEny] hetnar cart ed
di i socyanate concentration was 0.3 % by weight: and the urea di ner content
was not norgthBasnB. g1%bY weighpropie b&tnes, NiiétgbenndglydsDsity of the
bi uret polyi socyanate .

diisopropyl ether, diethylene glycol di-n-butyl ether.

15 diethylene glycol methyl ethyl ether, diethylene glycol
methyl isopropyl ether, diethylene glycol methyl
n-propyl ether, diethylene glycol methyl n-butyl ether,
diethylene glycol ethyl isopropyl ether, diethylene
glycol ethyl n-propyl ether, diethylene glycol ethyl

20 n-butyl ether, diethylene glycol n-propyl n-butyl ether,
and diethylene glycol isopropyl n-butyl ether. Among
these compounds, preferred are ethylene glycol mono-
methyl ether acetate, ethylene glycol monoethyl ether
acetate, ethylene glycol diacetate, and diethylene gly-

25 col dimethyl ether.



were 93 % and 3,700 inmPa~s at 25 'C, respectively. Fur 25 ther, tk~e biuret
pol yi socyanz:te did not becone turbid 1 April, 2003 54 even after being
subjected to storage stability testing at 5 C . Ex, dmAprél, 2008 r st
reaction was effected in substantially the same manner as in Exanple 1
except that the amount of water charged to the flask as a biuretizing agent
was 9.4 parts by weight (nolar ratio of H ~I/water = 8/1). The unreacted

di i socyanate concentration of the first 10 reaction m xture was 70 % by
weight. In order to adjust the unreactad diisocyanate concentration of the
first reaction mxture, the first reaction nixture was subjected to w ped

film evaporatiorn ]ﬁé}&’;gi diet F iR 23 dd1deeanpl e L.
15 As a result, t nreggf é%%ﬁf%oé@ana e concentratlon of the first
reaction mxtae avgf véoT rl%&ﬁé@thh dhge ! S5 @) HYPEneand
transnlttance of the uret polyisocyanate in the first reaction m xture

were 1.1 % pyy¥ei dhéno8thPd denéespestavel YprdPydree fgIydol ematd on mi xture,
whi ch had been adjust ed with, respect to the unreacted diisocyanate
concentrat i of)prepyheatréri Hcétﬂtérogfﬁpylémép@fey@ohtm@dﬂ‘q;mqiﬂre of 110
C for 60 mnutes, to thereby performa second reaction. Wth respect to the
bi uret po~.ytser 2Setybaat propyléreseipodlreand+mybuwixt wrigien ecan ea di nmer
1 April, 2003 55 content was not nore than 0.2 ~ by wei ght and the
transmitt antateaspdspydesabgtyaeht yacehats ecprepykens i Hiveakidike was
subjected to w ped fil mevaporation to thereby isolate a 5 biuret

pol y~. socyaRQtBRYLheEBeFonPEGPY&ADY| A4YERE GhP ﬁkt%%h%ﬁi§%%®@ﬁ%ﬁ%?in t he
second z~eaction_m_xture. Wth resgect to the isplat

d
polyisocyanﬁ%¥?°PhélﬁgnBEPpg%ePEBE noPEEBY PGl %?°§a Plts r??%&lsocyanate
t 23 h 10
Goncent rat | BRRRAS Brswfsygms“ﬁgﬂfﬁ ghane REEEFcaBhPfe PERRT BRAC W ot mor e
thagPO 2 @6@ “ﬁhgﬂ§&4£$ﬁ %?ﬁ%g §398213P92§1§§8§'&¥t ltb§ yret

socyana were respe tlve Further,

the biuret g?hyb%ﬂ‘éééa” gpglgnaoglp%o%mg%g?;t Ht%leyfvsﬁéit eprbei ng

subj ected t0 storage s le 37A first reaction

was effected tL@néugi Bl %Lthw Bep%gp%matﬁa&nebraﬁywngxgﬂw:sl2 The
unr eact ed d||socyana o concentration of the first reaction mxture was 70 %

by weight. &heyhi isb | @t neiXt @&%p\ﬁ%n%ugnyebgdetﬁyw petutyim
evaporation under substantially the sane con

ether, propylene glycol n-propyl n-butyl ether, propyle-

15 ne glycol isopropyl n-butyl ether, dipropylene glycol
monomethyl ether acetate, dipropylene glycol monocethyl
ether acetate, dipropylene glycol mono-n-propyl ether
acetate, dipropylene glycol monoisopropyl ether acetate,
dipropylene glycol mono-n-butyl ether acetate, dipropyl-

20 ene glycol diacetate, dipropylene glycol dimethyl ether,
dipropylene glycol diethyl ether, dipropylene glycol di-
n-propyl ether, dipropylene glycol diisopropyl ether,
dipropylene glycol di-n-butyl ether, dipropylene glycol
methyl ethyl ether, dipropylene glycol methyl isopropyl

25 ether, dipropylene glycol methyl n-propyl ether, dipro-



25 tions as in Exanple 2, followed by adding HVDr to the 1 Aril 2003 56
f~.rst reaction mxture, thereby adjusting the unreacted diisocyanate
concentration of the fizst reaction mxture to 10 % bhyApeilg2003The fir st
reaction m xture, which had been adjusts ed with respect to the unreacted
di i socyanate concen tration, was heated in a nitrogen atnosphere at a
tenperature of i.25 C for 30 mnutes , to thereby perfoz~ma second
reaction. Wth respect to the biuret polyisocyanate in the second reaction
m xture, the urea dinmer 10 content wasyjyiot nore than 0.2 ~ by weight and
the transmttance was 95 % Subsequently, the second reaction m xture was

bjetted t i ped fil ti tQ th by _i.sol at bi t
b0l yi 500y aRRREe SHAAGImMA HYamgh o Yin @ iere. S4BROPEICRET 90858hat e i n the
d ti 1 Xt . Wt t to.the i | d_ bi t
Do v svoy aBHEY (HAPRRRHIE S SRFRIPRE Shdeot: SRy T6S5prpRYL
i t t . % b i ght: L.L t
Concent at i Srs CH R oot BndE Wipurils 4RRERC iR ey 0oy et ©
mor e than Qugs % by iz orhe o I 1436 g3 MRG0T 0L LG DI Ur et

d
pol yi socyanat e We oand 1,60 ~s at Z5 C, z~eSpectively) Further,
the biuret polyi alaheeyll b tidr PeaRBRgt UnBikd euﬁgoaﬁagc pekper subj ect ed
to storage sta25 bility testing dt 5 C. " 1 April) 2003 57 Conparative
Exanpl e 1 A-ddr&te reesdydndaslrid e Gicifbndtsubsitdeld aldetalte paw® nanner as
in Exanple 2. 'the unreacted diilsocyana to concentration of the first
reacti on mpgleme WHByddl Ydnossiyhtathde ddatsite eapriopylend xlyecelwas
subj ected to wi ped filmevaporation under substantially the sanme condi
tions as i niizeeiphtee 2and odiprvely anea dydiyup HMDImetthtlhe thexf.i r st reacti on
m xture, thereby adjusting the unreacted diisoeyanate concentration of the

first reaction mixanwpkes tof 5olkghphednitatesTHaRuds trdaetthyd mi xture,

whi ch had been adj ust . .
10 phosphate, triethyl phosphate, tripropyl phosphate and

tributyl phosphate. Among these alkyl phosphates,
preferred are trimethyl phosphate and txiethyl phos-
phate.
The above-mentioned solvents can be used individu-
15 ally or in combination. From the viewpoint of sup-
pressing the increase in the diisocyanate concentration
of the obtained polyisocyanate during the long term
storage, the use of a mixed solvent is preferred in the
process of the present invention. Specifically. when
20 an ethylene glycol-type solvent and an alkyl phosphate
are used in combination, 1t is preferred that the
weight ratio of the ethylene glycol-type solvent to the
alkyl phosphate is in the range of from 3/7 to 9/1. It
is preferred that a mixed solvent as mentioned above is

25 used in an amount of from 20 to 50 % by weight, based



ed with respect to the unreacted di.isocyanate concen IS tration, was
heated in a nitrogen atnosphere at a temperature of 125 'C xor 30 m nutes)
to thereby performa second reaction. Wth respect td Aprilhi2003

pol yi socyanate in the second reaction m xture, the urea diner content was
0.5 ~ by weight and the transm ttance was z0O 95 % Subsequently, the second
reaction mxture was sub jected to wi ped filmevaporation to thereby

i solate a biuret polyisocyanate therefrom by renoving the unre acted

di i socyanate 5.n the second reaction m3gture. 25 Wth respect to the

i sol ated biuret polyisocyanate) the 1 April, 2003 58 nunber average

nol ecul ar wej a tent, Was, % b

wei ght ; the°ﬁg£§3m?8agg||5%§§5n§f nég%gé ?Qn%ﬁ@mgg % %%M§QE|gKt and
the urea di C e ight. The transmt s tance and

Vi scosity o?E?ﬁeggﬁu?é é?s%é%g%% aere 92 % and 1,600 nPa~s at 25 C

respectively. Howev r y a Q@@@g@ tag bid after being
subj ected to sto?gggﬁgt {éggflg% (?%es?{?%lgbifggéﬁe.iﬁv Conparative Exanp3.e 2 A

first reactpgng g‘&gﬁf Eembedndn subat agt liil(b)lettfl?lﬁéﬁ?lmﬁﬂ@épl@étén E~canpl e

2. The unreacte I'1socyanato concentration of the first reaction mxture
was 20 % byagwekghbedlin! Onekeéfink@ BdpHskstheaysneasppuidatsonyanate
concentration of the first reaction mxture, the first reaction m xture was
subj ect ed t nawdpegehi SpeetdpensgioanNovnder2g8bdtiaitbakbypohdisgntoconditi ons
as in Exanple 2. Tkze first reaction m xture, which had been adjust 20 ed

i .th respett St.oPaltendnNeacbe@4di, 8530y amalye beonddadr 0i he Wadcheated in a
nltrogen atmosphere at a tenperature of 100 C for 15 minutes, to thereby
perform a s&dond sysacm.onWhgyit anr@Epacidie Fﬁ@P@B&@e%Sp@¢®¢%d%?anate in the
seoond reaction mxture, the urea dinmer 25 cozztent was Q.8 % by wei ght and
the transmi then&eagddon BYRSEM., theoFate 9 gheshydEqhdntny, TPAE second

reaction nlxture was sub jected to wi d filmevaporation to thereby
i soll®t e a bitdiP& ﬁol%%r&é?&’?até é'rte GIAMAP lpé)ﬁﬁ'l 1§ theSURPESSS

the increase in the diisocyanate concentration of the

polylsocyanate during the long term storage.
In step (a) of the process of the present inven-
tion, the first reaction ié conducted between a diiso-
15 cyanate and a biuretizing agent, thereby obtaining a
first reaction mixture containing the unreacted diiso-
cyanate and a biuret polyisocyanate. In the first re-
action, the urea bond-containing compounds including
the urea dimer are formed by the reaction between the
20 isocyanate group of the diisocyanate and the biuretiz-
ing agent, and in turn the urea bonds in the urea bond-
containing compounds are converted into the biuret
structures by a reaction betweén the urea bond
-containing compounds and the ilsocyanate groups, there-

25 by obtaining a biuret polyisocyanate. It 1s preferred



5 acted diisocyanate in the second reaction mxture. Wth respect to the

i sol ated biuret polyisocyaz~ate, the nunber average nol ecul ar wei ght was
635; the isvcyanate gxoup content was 23.8 % by wei giit Aprile 2003 act ed

di i socyanate concentration was 0.3 % by wei ght; and the 10 urea diner
content was 0.8 % by weight. The transmt tance and viscosity of the biuret
pol yi socyanate were 95 % and 1,600 nPa-s at 25 C, respectively, However,

t he biuret polyi soayanate becane turbid after being subjected to storage
stability testing at 5 C. 15 Conparati¥® Exatnpie 3 A first reaction was
etected in substantially the same manner as in Exanple 2. The unreacted

di i socyana dia et 1pd¢ Ofedt 1die fd rdndiraeld et @ teinpeeavaze’/0 % z0 by
weight. In order to adjust the unreacted diisocyanate con centration of the
first reacto®Hnfadmt IO etothH@o Pi¢ stmomre gutdfmraplyt dromd@d $0bjléét 8€-t o wi ped
filmevaporation under substantially the sane conditions as in Exanple 2.
25 The fir SAherache ofinstcreactiohiih drrdiusied adj @sttemperagme, 2003 60 ed
with respect to the unreacted diisocyanata concentration, was heated in a
ni trogen athoephetlkamt7@ tenpht escuned AFFIcHld tP2@dvisd@eedhe o t her eby
performa second reaction. Wth respect to the biuret polyiso 5 cyanate in
the Second 2RRXE BRI RRed creaplon ea O B SSheEnhaRds Héﬁnnﬁpé than 0.2 %

by weight and the transmttance was 88 % Subse u%ggl , .the second reaction
m xture wast¥EhtjERRBHIPR IF peRrFRd A t tSHRES ur%er%‘tﬂj"?%m. ate a |10

bi uret pol yjsocy te.therefro renpvi ng, t heunre act i.] sooyanate in
t he second %’é%%t?@ﬁ n?xtﬁ#%. p?ﬁﬁg?cé%?)réﬁe ?jbs [}Tﬂ‘?qsyolta esg%b:él:gl}:’ et

pol yi socyan er average nol ecul ar wei ght was 635; the isocyanate
gr oup conteﬁ%gﬁﬁéggggg % by wei ght: the unreacted di

The first reaction between the diisocyanate and

10 the biuretizing agent in step (2) may be performed in
elther a batchwise manner or a continuous manner. How-
ever, from the viewpoint of productivity and the 1like,
it is preferred to conduct the first reaction in a con-
tinuous manner. Specifically, it is preferred that

15 step (a) is performed by the continuous method de-
scribed in Examined Japanese Patent Application Publi-
cation No. 62-41496, which comprises continuously con-
ducting the following substeps (i) and (ii):

(i) agitating a mixture of a diisocyanate and a

20 biuretizing agent to conduct a reaction between the di-
isocyanate and the biuretizing agent in a homogeneous
system of the mixture, thereby obtaining an intermedi-
ate reaction mixture; and

(ii) feeding the intermediate reaction mixture to

25 a pipe reactor to thereby conduct a further reactlon



15 ~.socyanate concentration was 0.3 ~ by weight; and the urea diner
content was not nore than 0.2 ~ by weight. The viscosity of the biuret

pol yi socyanate was 1,600 nPa~s at 25 C. Further, thel Aprigt2@@8yi socya nate
di d not becone turbid even after being subjected 20 to storage stability
testing at 5 C. However, the transmttance of the biuret polyisocyanate was
87 that is, the biuret polyisocyanate suffered discolora tion. 25
Conbar ati ve Exanple 4 1 April, 2003 61 A flask provided with a stirrer, a
thermometer) a 5 1O reflux condenser afd a nitrogen gas feeding pi pe was
purged with nitrogen gas. 700 Parts by weight of HVDI) a m xed sol vent of

150 parts Byiweleghtenel difiiseeyhnbtBhasghahe andrébQzpagt agbytwbnght of
nmet hyl cel I osolve acetate, and 15 parts by weight of water as a biuretizing

agent (nol @r skl 10k ,Ftheredyebbtaihingwer €iclsdr gedctdorhBiKLUER: The
resultant m xture was stirred for 1 hour while maintaining a tenperature of
the fl ask §hehfAdhe @edoxildnerabyoafiuededa usiingt ar P4Pei §82CTRE #&Ar eact ed

di i socyanate concentration of the first reaction mxture was 65 % by

wei ght . | naorpdertdro £djwus tthehehodee a&t ddeditiedstl@Taid *¢9FS15 20 centrati on
of the first reaction mxture, the first reaction m ~cture was fed into a

wi ped fil mrasdgersatior the »iReedionghost.e 2¥ S0WSy e 2F83%B5P8cted to wi ped

filmevaporation at 160 ' C and under, _a degree of .vacuum of Pa, and

then, at 16¢ONC gl RTTRS W é‘élsd‘le/&'(?%ﬁﬁ d’flté’ﬁ%i *REC %?%stﬁl t, the

unreacted dii socyanate concentration _of thg L%r%éer%?ggiggn i Xxture becane
ansm

0.5 % by vwﬂ&ﬂﬂ?s‘Th@suP§§e§Fﬁ§r 5.ﬁt5ﬁftgﬁ ance of the bi uret
Fespect | velF oAy | ST | G A e B el Pl M T
April, 2Q03 62 The reaction in substep (i) can be conducted using,
10 for example, an agltation vessel-type reactor, undex
the reaction conditions described above for step (a).
In the subsequent substep (ii) conducted in a pipe re-
actor, the reaction is generally conducted under an at-
mospheric pressure at 80 to 180 °C, preferably 90 to
15 160 *C. The reaction time (that is, residence time) is
generally 30 to 240 minutes, preferably 30 to 120 min-
utes, and the flow rate of the reaction mixture is gen-
erally 0.5 to 5 m/hr, preferably 0.5 to 2 m/hr,
In step (b) of the process of the present inven-
20 tion, the concentration of the unreacted dlisocyanate
in the first reaction mixture obtained in step (a) is
adjusted to a specific level. The unreacted diisocya-
nate concentration is the amount (% by weight) of the
unreacted diisocyanate, based on the total weight of

25 the unreacted diisocyanate and the polyisocyanate



ed with respect to the unreaeted diisocyanate concentration, was heated in
a nitrogen atnosphere at a tenperature of 110 C for 30 mnutes , tv

t hereby perf orma second reaction. Wth respect to thA&pkilyR@0Iol yiso 5
cyanate in the second reaction mxture, the nunber av erage nol ecul ar

wei ght was 690; the isocyanate group content Was 2Z.9 % by weight: the
unreacted diisocyanato concentration was 0.5 % by wei ght; and the urea

di mer content was 1.2 % by weight. The transmttance and 10 viscosity of
the biuret polyisocyanate were 9~ % and” 3, 700 nPas at 25 C, respectively.
However, the biuret polyisocyanate becane turbid after bezng subjected to
st orage st dbibliicty cordtaiimg dthes urea bonBcgoptainipgafpmecdGaisi®@onduct ed
using the systemshown in k~ig. 1. Al procedures were perforned in a

ni trogen atdiowiime dhenluzen stimamy seS§pRciP) els conducted so as

Hexanet hyl ene- 1, 6-di i socyanate (HVDI) and a reac20 tion solvent (a 1:1

m xed sol véit as¥iusd hhe WQ%@Q/@W%MCPPFﬁ'BItﬁﬁFlBHOQ%hat e) were
continuously fed to first reactor 4 through ~.nlet pipe 2 at flow rates of
1,000 par t STy W GhtFSARE KM BHI S0 G Dt LOVBY. udh GHE FEP RO,

respectively.

As a biuretizin ent, 25 water cqnti.nuously fed to
fzrs react™roW I Hrowth * HYAYE‘?? ,t'ZCRfsefbafaitb ye\r%rjl%iopg‘%l %a;éya f lowrate of
7.1 parts by weight per hou ar,rati f ol ~LRL/wat ery=_.1. ) . Afirst
reaction vva‘zejﬁ'h% %%%I%r%é?#%aa COOnSlg)C(l}t ib\)’e:w@ilg\gﬁf'i r?s”tieéeg{é%or 4,
second reacj.o ?r(%'t [ g@%{. ' Ihe XdHstrativ~ely stated,
the reacti oéll:!:shg?er ék)e(g%%%r Q\A{/aimgelr%%}tr?rce%r% 1260 "C and at a residence

time of 90 IfLWH ESned NPakgECt G fotssONhd SRt ibn'aT Reld eirwed at 150 C
and at a residence time ol 60 mnutes; and the reaction in the pipe

reactors 9, qifed0; @Nfoddrd@SiREEAET SBSoRd Hediftidh avhaicted s dence time
of 60 m nutes, thereby obtaining a first reaction m xture. The obtai ned
firgd reactind subéedeehBNdUEh 0Of) gaThd preiceed biferbienpr@s2BtNM /) was
fed to degassing 15 apparatus 20 at its upper portion (a gaseous phase))
wher ei n degissentiappbaat beefOdemelopedt dbaeell aan 30 WUNIE1RT degr ee of
vacuum of 655 Pa, to thereby degas the first reaction m xture. The degassed
first reactfbpdingtthatwiBewrahdr afinther se@ciirRn |Fnerbpdtisdia 20 Tiquid
phase) of degassing apparatus 20. The content of the unr aetegcg di i soCyanat e
in the firsPCFeciBEFBASAPXYRRLR RS BSCORBYIORTHIN FHYLGISRY ¥ r st

reaction mxture was fed to w ged film evagoratcgr 24 ‘%()‘(ge ree of vacuum
655 Pa, 25 PeRBRFLLARESYSEEMCYPeEAItRAIRFPRAPL LT B O April

2003 64 concentrati,on in the first reacti m xture i ed by W ped
fil APevapor SFP%ﬁ,a +8%¢ f15¢ E'f"h«t,-f'L&i R 8395?*3?@?3%?%@%??%?‘?%%9%?%% first
reaction m xtu 5.9 hg he e i ont e

transm ttang‘% %Fggggﬁgdbﬁllﬁ gt%t\é'g' ylgégggénggé %géﬁé?(?r:g% ?lté%gtﬁ?%% m xture
were 1.0 % Qym@el g4t raBeted %ﬁtﬁﬁ%ﬁeﬁsb&?hnatzhgraaﬁeesteandeteocyanate and
the z~eaction solvent were recovered in the formof a m xture thereof

through w t hdeav@eapbRad?intbhe d1REeL BbnBhethedesy pbiyisatyaga 10 to
contained in the recovered m xture was not nore than 0.5 % by wei ght.

the urea dimer contained in the polyisocyanate. In

20 general, it was conventionally considered that the
higher the isocyanate group concentration of the reac-
tion system, the faster the reduction rate of the urea
dimer content, so that the urea dimer content of a
polyisocyanate can be rapidly reduced when the reaction

25 1s conducted in a reaction system having a high unre-



The first reaction m xture. \Wich had been adjusted with respect to the
unreacted diisocyanate concentration, was fed iégéﬁgﬂgﬂﬁg_vessel 23, and
heated at 15 130 C for 30 m nutes, to thereby orm a second reaction.
Wth respect to the biuret polyisocyanate in the obtained second reaction
m xture. the urea diner content was not nore than 0.2 % by weight and the
transmttance was 91. % 20 Subse~uentl.y, the second reaction m xture was
fed to wiped filmevaporator 24 (degree of vacuum 67 Pa) tenperature: 160
"C) and the unreacted dllsocyanagg in the second reaction mxture was
removed fromw t hdrawal pipe 25, to thereby |sol%_ oriadnsi . ur et
pol yi socyanate 25 fromthe second reactlﬁwweﬁ%&1Jre The isol ated bi uret 1
April, 2003 65 polyisoc qﬁﬁkgnwa@WﬁAPhdramm frq_ Ebghdeaﬂal pi pe 26. Wth
respect to 5§a ﬁﬁﬁ# ret poI% e nunber average
nol ecm‘a‘?e 'ght was 6Q0,y,bhprés¥Fryanat e groug %omqemnﬁﬁas 24.7 % by
wei ght ; § ugkedissae e dllsocyanﬁgeeﬁphoﬁhF ion was 0.5 % by wei ght;
and théou a di mer q%g éﬁﬂ&ﬂ%ﬁ re than 0.2 {onOMéiBKt. The
transmttan%etﬁﬁlmi vi%c 1ty of the Pifﬁ(eﬁ@q socyanat e re 91 % and 900
nPas atf respectlvg cEﬂc@% e biureg p@f 4 sBdBnate did not 10
beoone turggdagienca r belng su%h%Qged 9T ?orage stabhlbiﬂgtestlng at 5
C. Exanpf A first Q&pqm<nmami§ cont i nuousl,y periyer®Bd=Tn 15
substantlé%é?tlrnh%; manner as, i E&mme§' except that.the flowrate of
wat er wad 7 parts ?¥ea/etgh'f- %%r hour (nol @{c g&moe’éﬁe?ii]i ~Dl /wat ez =
10/1). Tg gonaﬁeﬁ? mBH fhe unrea%h qedcp§68 dnate in the obtained fir st
r eaot i on ' xt ur e wasﬁ%%&%dg# t. 20 The first reactlon m xture was
subj ect edatmqn m evapor ati on under substanti al I% d&gpane condi Li ons
as in Exanple 4 to ghﬁst the unreaeted diis gyﬁ@mt centration of the
first reaqblanbﬁl Next, a Qggondrﬁ Eatfion was perfgggedann
substantial ly tfméégaéiﬂﬁalﬂ%%ﬁg as in rggéaAalﬂﬁﬂqg respect to the biu
1 April, 2003 &6
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ret polyisocyanate in the second reaction m-.xture) the urea dinmer content
was not nore than 0,2 % by weight arid the transmttance was 94 %
Subsequently, the unreacted diisocyanate in the 5 sechrAlpfita20030n m xture
was renoved in substantially the sane manner as i.n Exanple 4, to thereby
isoJ.ate the biuret polyisocyanate fromthe second reaction mxture. Wth
respect to the obtained biuret polyisocyanate) the nunber average nol ecul ar
wei ght was 615; the isocyanate 10 group content was 24.4 % by wei ght; the
unreacted di isocyanate concentration aas 0.4 % by weight; and the urea

di mer content ~rr~as not nore than 0.2 % by weight. The transm ttance and
Vi scosity the hiuret paolyisocyanate were 94 % .1, . 700. nPa-s at 25 Q)
respec 15 ?!{evaégg. y°. ﬁ'uir%%dgrg,%t e E}%orreatq:lﬁ&'yi g%cflgé%g\gép%‘lzdghgrf? beeone turbid
even after j ject t N [ t &, Wth
respect to %ﬁ%ﬁ% o‘?{% haéorﬁgr#}{etg%tqéﬁttzi:y iesoéfga:%;t{ogngn tfégcrgeacti on

sol vent 1 eqnverihalid N Ak e #duipls e i) @rapabyt eaRA fhe anount of
t he biuret podlyisocyanate containe fhereln was not nmoré than 0.5 % by

vei ght . Refierentge el drabidh ¥ Wi D0lsdcyaanaral@nies Bhgddced in
substaz~ 1 April, 2008 67 tially the same manner as in Exanple 5 except

t hats t he degasHd¥dl e PpaEst NOtss HlC e dilshoyespeet che bleeproduced

bi uret po,lyisocyanate) the nunber average nol ecul ar wei ght was 615; the

i socyanat e fjraignicontssdaraved 2dor thdpoliighicyamadet.he unreact ed

di i socyanate concentration was 0.5 % by wei ght, The viscosity of the biuret
pol yi sooyanat e vias the/ @ronesss aif 2heCpnaistemtr doyenttipo,t Ae dAisxture of the
unreacted diisocyanate and the reaction solvent recovered during 10 the
first w ped®PTFeienesdpsrat i vre firstmmantion mHEtyng dis geigpissedyanat e
contained therein was as large as 4 % by wei ght. Reference Exanple 2 15 A

bi uret pol BERSARY P TIPSR t0 i dtdtdhGiin wyaPam@ti®iner as in
Ref le 1 (i.e,, the d i t t d t

o e5ente SIS (1 S Lo, G001 ponel IS e ot e xcen
recovered %ﬁf@td%%%;ag%?w PELmE bk n&fé’:gj%g a(\}fﬁt)zﬂt :g%'% 413 '3%%1%%%‘&96 Exanpl e

1 was used as a 1'SO e’ (faw nat er1l espect e produced

bi uret pol yé@%ya&asf)pw&uewﬂg%éBawgﬁ%tﬁhgiigggtpgie%t gag 065 the

i socyana.te group content was wel g ufir 2act ed

di i socyanat i 0) i i i f. the
di 1 s0¢ ypol yﬁ%%%@fé&l’%ﬁ? , sg%%lgyiaﬂpmtnsoihﬁl\e SGOtirleY £

action mixture, but actually, a part of the by-produced

15 CO, gas is dissolved in the reaction mixture. The
amount of the gas dissolved in the reaction mixture
varies depending on the reaction conditions, but is
generally in the range of from 0.05 to 0.4 Nml/ml
(wherein "Nml” means ml as measured under the normal

20 temperature and pressure conditions (0 *C, 1 atm)).
When the first reaction mixture containing the gas dis-
solved therein 1s fed to the wiped film evaporator whi-
ch is operated under a vacuum condition, the following
unfavorable phenomenon occurs. The gas dissolved in

25 the first reaction mixture vaporizes and expands in the



was as high as 2, O10 npa s at 25 ~ C . Wth respect to the m xture of

the unrsacted di ~.socyanate and the reaction solvent recovered during the
first wiped fil mevaporation, the anount of the bi.urkiApdl,\2608yanat e
contained therein was as |large as 4 ~ by weight. 1 Auril, 2003 69

I ndustrial A plicabilitv The biuret polyisocyanate of the present invention
not only exhibits an excellent stability at |our tenperatures, but also is
free fromturbidity and discol 5 oratkgn. By virtue of these properties,

t he biuret polyisocyanate can be advantageously used for producing a
coating conEosition, an adhesive, a fiber treatnment _agent,. a sealant, a

wat er pr oof Whpefgéain avABaRRtan 2DAFANERS aAdPERE P KERe EFoiTSKanpl e, when

the biuret 10 polyisocyanate of the present invention js used for producing
a coating E%ﬁﬁgéppiBHF BRe BBtB?n%ﬂagB%F?ﬂgOBBﬂpﬁs??Q;iﬁﬂi%p%%ﬁible of
formng a goatin g?ich exhi.bits excel|ent adhesf. veness and bending
resistanceFan(Hgal £8m, CBHOPREIDP 0B ¥RPRF Fﬂﬁpﬁ?%ée% Yention, 15 it has
b ble t (g | > N .

P07 yi socyARare MAtERORENatRYy cilfe i UGN S Bk 1o

t enper at ur I ' e r i g di rafd on. Further,
byn?he ugeﬁgﬁtpﬁg %P%%é?% %@ ?ﬁé ggg%g%?'?g%gﬁ??gﬁ:'ﬁ?ﬁ%g;ﬁ%% 20 cgne

possi bl e t @abReWEi®n RRaUeerckey dki sAcYaNAEEcEBAOHELEEcphhgtet he reaction
for producing a polyisocyanate. I Aril 2003 70 CLAIM5S 1. A biuret

pol yi socyanat peeieaiiard WdY ngedabhnd aboheast appardtusocynsase-sel ected from
the group consist 5 ing of an aliphatic diisocyanate and an alicyclic di

}Sﬁcya_nat enetleld &gt eldatitignafieftursaiid Baused pol pesmeyadawethaving the
o omng the recovered unreacted diisocyanate. This phenomenon
10 markedly occurs when the amount of the first reaction
mixture fed to the wiped film evaporator is large,
leading to a lowering of the yield of the biuret poly-
isocyanate to disadvantage. In addition, the biuret
polyisocyanate contained in the recovered diisocyanate
15 causes the polyisocyanate prepared from the recovered
diisocyanate to have a high viscosity, thereby unfavor-
ably affecting the physical properties of the polyiso-
cyanate.
The above-mentioned unfavorable phen¢menon also
20 markedly occurs during the reaction for producing the
biuret polyisocyanate, when the biuretizing agent (such
as water) used is a compound which generates a
by-product gas (such as carbon dioxide). However, the

amount of the biuret polyilsocyanate contained in the

25 recovered diisocyanate varies depending on the reaction



characteristics (7.) and (2): (1) said biuret polyisocyanate contains urea
bond -containi ng conpounds including an urea dinmer which are , the

inte, r~nediate products of the reaction between the d Apwily2003 and the
biureti xing agent) wherein said urea dinmer is represented by the foll ow ng
formula (1): is OCNR-NHCNH-RNCO C z ) O wherein, each R independently
represents an 20 aliphatic group or an alicyclic group derived fromsaid
di i socyanate, and said biuret polyisocyanate has an urea diner content of
not nore than O. 5 @6by meight, based on the total meight of said bi ur et

gel perneatlo Afate contalnlng t he

unreacted djjis: Q%%? and sald urea bond contalnlng conpounds based on
the total a?@% @ﬁ%@ peaks, exclusive of a peak ascribed to said

unr eact ed dllsoq%ﬁ%agﬁéxﬁﬂ%lts c troge&gga E%%e%@r%¥at gg?Qggsﬁ d (2) said

bi uxet pol yi socyanat ans mttance of Yo as

measyr ed atyn QRIS INGY A1 ekd &ﬁlﬂh$%Wd%-%énQ&%Q@ffl%ﬁmg Abofitprocess
for producing a bi ur et pol yi socyanat e,

the phenomena caused by the by-product gas, the first

reaction mixture is degassed to remove the gas dis-
solved therein before being subjected to the wiped film
evaporation, so as to prevent the incorporation of the

10 polyisocyanate into the recovered diisocyanate. The
degassing of the first reaction mixture can be per-
formed, for example, by the following method. The sys-
tem used for the production of the polyisocyanate is
provided with a degassing apparatus having the same

15 degree of vacuum as in the wiped film evaporator. The
first reaction mixture is fed to the degassing appara-
tus at the upper portion thereof, so that the first re-
action mixture is degassed as it falls.from the upper
portion of the degassing apparatus. When the degassing

20 of the first reaction mixture is incomplete at the time
the first reaction mixture has reached the surface of
the liquid phase at the lower portion of the degassing
apparatus, the liquid phase becomes foaming at the sur-
face thereof, so that the first reaction mixture is de-

25 gassed. In this method, it is not preferred to feed



whi ch conprises: (a) conducting a first reaction between at |east x5 one
dii socyanate selected fzomthe group consisting of an aliphatic

di i socyanate and an alicyclic diisocyanate and a biuquAéynggmﬂﬁpt, wher ei n
the nolar ratio of said diisocyanate to said biuretizing agent is from4 to

40, thereby obtaining a first reaction m xture con 20 taining the unreacted
diisocyanate and a biuret poly isocyanate; (b) adjusting the concentration

of the unreacted diisocyanate in said first reaction mxture to a level i~z
the range of from3 to 20 % by wei ght 40based on the 25 total weight of the
unreacted diisocyanate and said 1 April, 2003 72 biuret polyisocyanate;

(c) heatinghsaidlrbicr gbabeashi ANxHh*é UAErevhl¢htbashderswas peted with
xespect to the unreacted diisocyanate concentration in step (b), at a

t enper at ur €lofi 5Lf then Geg@ssdng68pp&ravusheopbyipind otive al seeibdd reacti on,
t hus producing a biuret polyisocyanate having the fol | ow ng

char act er i BhiR€¢ . ( $Lngad the) degayssagdobi bhet £hosYi BergEIRR gnlont ai ns ur ea
bond- cont ai ni ng conpounds i ncluding an urea 10 di ner which axe the

i nt er medi atBTpr maugggcemeséneomplgtep edthe olegagmineiapiatuf ea dinez is
represented by the following formula (I): OCri RRNHCNH-RNCO ( z ) 15 O
whePei n, eREW Reiﬁ@@ﬁ@ﬁ&énﬁgyhrépF§é§ﬁ9§“euﬁQﬂﬁYﬁﬁmiﬁi%ﬂﬁnﬁ?&nd%ﬂ1 ali 20
cyclic group derived fromsaid di isocyanate, and said biuret
polyisocyaﬁgﬁélﬁgsa&PaEFéadeﬁePPEBﬁF%%t“BﬁeﬁoYaﬁB?% PRI BLES by wei ght

based on tIgo! ghal W6 ULt 3 kg RLULSL 25,00L¥hso0a0RLS agg. s urea

bond- cont ainin
plicated when it is equipped with a stirrer. Therefore,
the use of such a complicated apparatus may increase a
10 cost.

It is preferred that the temperature of the first
reaction mixture to be subjected to the wiped f£film
evaporation is not higher than the boiling point of the
first reaction mixture. Whén the temperature of the

15 first reaction mixture is higher than the boiling point
of the first reaction mixture, an unfavorable entrain-
ment is likely to occur when it is fed to the wiped
£film evaporator.

The removal of the diisocyanate from the first re-

20 action mixture can be performed in a single stage using
a single wiped film evaporator, or alternatively, in
two stages using two wiped f£ilm evaporators connected
in series. When the wiped film evaporation is conduct-
ed in two stages, the degassing of the first reaction

25 mixture can be performed prior to each stage.



conpounds including said urea diner, wherein 1 April, 2003 73 said urea
di.nmer content is defined as the percent of the area of a peak ascribed to
said urea diner in a gel perneation chromatogram of sgig_;bﬂiugggs

poLyi socyanate containing 5 the unreacted diisocyanate and sal rea
bond- cont ai ni ng conpounds, based on the total area of all peaks, exclusive
0~ a peak ascribed to said unreacted diisocyanate, in said gel perneation
chromatogram and 10 (2) said biuret pvlyisocyanate exhibits a
transnittanee of at |east 90 % as neafdred at 430 nmusing a cell having a
|l ength of 2 cm and (d) isolating said biuret polyisocyanate fromsaid 15
second reaction mm. stape({obt afneHei proteps(of. tBe pghesgmbcissemccording to
claim?2, wherein, in step (d), the isolation of said biuret polyisocyanate
i s perforntdoby tbeo¥imgttreactleachddtdresdsyhaatedfsona@0tsai d second
reaction mxture. 4. The process according to claim2 or 3, wherein sa~.d
at | east omenducsogysravad reachdgantohyfieaceassngdtheovyanatitmers 1
April, 2003 5. The process according to any one of clainms 2 to 4) wherein

sai d biureFP?Fﬁ&taQSthﬁsb%éFéF.PGlY¢ﬁ89§P§é§§s 5Besr APRBIRENE| ai m 5,
heLel N | Bt B0 ek Lol 12 kel kR LB Betgen g8, gyl soopnate and
(1) SLouP SRESSLEA oL og.SamouRd Lepteashbedebialhe Lol arpoglormi
reaction 1is reacted with the isocyanate group to con-
vert the urea bond into the biuret structure, thereby
eliminating the urea dimer. 1In step (c), the first re-
10 action mixture which has been adjusted with respect to
the unreacted diisoc¢yanate concentration is heated at
110 to 160 *C, preferably 110 to 140 *C. When the re-
action temperature is lower than 110 *C, the rate of
the reduction of the urea dimer is disadvantageously
15 lowered. When the reaction temperature is higher than
160 °C, the biuret polyisocyanate is likely to suffer
discoloration. The heating in step (c) is conducted so
that the urea dimer content of the resultant biuret
polyisocyanate becomes not more than 0.5 & by weight,
20 but it is important that the heating is conducted so
that the biuret polyisocyanate also exhibits a trans-
mittance of at least 90 % as measured at 430 nm using a
¢cell having a length of 2 cm. When the transmittance
is less than 90 %, this means that the final polyiso-

25 cyanate is discolored. In order to obtain a biuret



15 wherein each of Rl and RZ i ndependently represents an al kyl or an acyl
group having 1 tv 4 carbon atons, R3 represents a nethyl group or a
hydrogen atom and n represents an inte ger of 1 or 12Apgil, 2008\e process
according to any one of clainms 2 to 6, wherein, in step (b)) the adjustnent
of the uz~reacted diisoeyanate concentration of the first reaction m x tune
Is perforned by wi ped fil mevaporation. 25 8. The process according to

claim7, wherein said 1 Anril, 2003 75 first reaction mxture is degassed
before being sub jected to w ped f.~h evaporation, 9. The process
according to any one of cJ.ains 3 to'8, 5 wherein, in step (d), the renoval

of the unreacted di isocyanate from said second reaction m xture is per
formed byadhplesbdyanatsy apukcht iexhibits ’het yansswlsitaneeorad &k to clai m 9,
wherein said 10 second reaction mxture is degassed before being sub jected
to the grigatt {99 nt evEMRORRIBNTG 1hs GRdypird At & demmeTRt¥Feany one of
claims 2 to 10, wherein ;}q; éﬁgnconprises~continuousl%'condupping Ehe ~5
fol | owi ng*istibie? ctiee (FYOreRtHonedi ¥RIHFAE M XEUrY e i socy~anat e
and sai o B erlRof St IEREERy ToFe e SRt o Kt mixturer
Lhereby SPLALPAPS el el SR Sl bt Wiy Y (L)) Fecdino,
fuzther réﬁ@%éQMentioned range, the reduction of the urea dimer
becomes unsatisfactory. When the heating time is lon-
ger than the above-mentioned range, the transmittance
of the biuret polyisocyanate is lowered and, hence, the
10 biuret polyisocyanate suffers discoloration.
Step (c) can be conducted in either a batchwise
manner or a continuous manner. Since the reduction of
the urea dimer proceeds like the zeroth-order reaction,
the reaction times (residence times) for the batchwise
15 reaction and the continuous reaction in step (c) may be
substantially the same. The Faaction time employed in
step (¢) is preferably 5 to 90 minutes, more preferably,
5 to 60 minutes, most preferably 5 to 30 minutes.
In step (d), the biuret polyisocyanate obtained in
20 step (c) is isolated from the second reaction mixture.
It is preferred that the isolation of the biuret poly-
isocyanate is performed by removing the unreacted 4i-
isocyanate from the second reaction mixture. The remo-

val of the unreacted diisocyanate in step (d) can be

25 perfoxmed by extraction with a poor solvent for the



bet ween said diisoCyanate and said biuretizing agent in a piston flow)
thereby obtaining a first reaction mx 25 ture.
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is preferred to remove the unreacted diisocyanate by

wiped £1ilm evaporation in the same manner as described
5 for the adjustment of the unreacted diisocyanate con-
centration in step (b). In addition, as in the case of
step (b), it is preferred that the second reaction mix-
ture is degassed before being subjected to the wiped
film evaporation,
10 The process of the present invention fox produc-
ing the biuret polyisocyanate in a continuous manner
ls described in detail below, referring to the system
shown in Fig., 1.
In the production of a biuret polyisocyanate using
15 the system shown in Fig. 1, a feedstock diisocyanate is
continucously fed to first reactor 4 through inlet
pipe 2 at a constant flow rate. Simultaneously with
the feeding of the feedstock, a biuretizing agent is
continuously fed to first reactor 4 through inlet
20 pipe 1 at a constant flow rate. First reactor 4 is a
complete mixing-type agitation vessel equipped with
aglitator 3 and heating jacket 3A. In first reactor 4,
a reaction between the diisocyanate and the biuretizing
agent 1s conducted, thereby obtaining a first interme-

25 diate reaction mixture. The gas generated during the
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ture 1s fed to degassing apparatus 20 to degas the fixr-

st reaction mixture. The degassed first reaction mix-
ture is fed to wiped £ilm evaporator 21, in which the

25 unreacted diisocyanate concentration in the fixst reac-
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vassel 23, the first reaction mixture is heated to per-

form a second reaction, to thereby obtain a second re-
10 action mixture (corresponding to step (c)). Subse-
quently, the second reaction mixture is fed to wiped
film evaporator 24, in which the unreacted diisocyanate
in the second reaction mixture is removed through with-
drawal pipe 25, to thereby'isolate the biuret polyiso-
15 cyanate from the second reaction mixture. The isolated
biuret polyisocyanate is withdrawn from withdrawal
pipe 26 (corresponding to step (d)).
The biuret polyisocyanate obtained by the process
of the present invention not only has a very low con-
20 tent with respect to the urea dimer (which is causative
of the turbidity of the biuret polyisocyanate, which
occurs during the storage at low temperatures), but al-
so is colorless, transparent. Specifically, the urea
dimer content of the biuret polyisocyanate 1s not more

25 than 0.5 % by weight, preferably not more than 0.3 % by
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In the following Examples, Comparative Examples
and Reference Examples, various properties were meas-

10 ured as follows.

(1) Urea dimer content:
The urea dimer content of a biuret polyisocyanate
is defined as the amount (% by weight) of an urea dimer
15 represented by formula (I) above, based on the total
weight of the biuret polyisocyanate and the urea bond
-containing compounds including the urea dimer.
A sample of a biuret polyisocyanate for the meas-
urement of the urea dimer content thereof is prepared
20 by dissolving the biuret polyisocyanate in tetrahydro-
furan (THF) so that the final concentration of the biu-
ret polyisocyanate in THF becomes 0.5 % by weight. For
measurement of the urea dimer content of a biuret poly-

lsocyanate in a reaction mixture, the reaction mixture

2% as such is used as a sample.
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as mentioned below, thereby obtaining a chromatogram.
The urea dimer content is determined as the percent of
5 the area of a peak ascribed to the urea dimer (i.e., a
peak having a retention time corresponding to the mo~
lecular weight of 310 when the diisocyanate is hexa-
methylene-1-6-diisocyanate (HMDI)), based on the total
area of all peaks, exclusive of a peak ascribed to the
10 unreacted diisocyanate in the obtained chromatogram.
GPC was conducted under the following conditions:
Chromatoprocessor: HLC-8120GPC (manufactured and
sold by TOSOH Corporation, Japan).
Columns: TSKgel Super H1000, TSKgel Super H2000 and
15 TSKgel Super H3000 (each of which is manufac-
tured and sold by TOSOH Corporation, Japan).
connected in series,
Carrier: THF (flow rate: 0.6 ml/min), and
Detector: refractive index detector.
20
(2) Transmittance:
The transmittance of a biuret polyisocyanate is
measured by means of a visible and UV spectrophotometer
("0v-160", manufactured and sold by Shimadzu Corpora-

25 tion, Japan) at 430 nm, using a c¢ell having a length of
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The unreacted diisocyanate concentration of a re-
5 action mixture or a biuret polyisocyanate is defined as
the amount (% by weight) of unreacted diisocyanate,
based on the total weight of the unreacted diisocyanate
and the biuret polyisocyanate (containing urea bond
~containing compounds including the urea dimer).
10 A sample of the reaction mixture or biuret poly-
isocyanate is prepared in substantially the same manner
as described in item (1) above. The sample of the re-
action mixture or polyisocyanate is subjected to GPC
under the conditions as described in item (1) above,
15 thereby obtaining a chromatogram. The diisocyanate
concentration is determined as the percent of the area
of a peak ascribed to the diisocyanate (i.e., a peak
having a retention time corresponding to the molecular
weight of 168 when the diisocyanate is HMDI). based on
20 the total area of all peaks in the obtained chroma-

togram.

(4) Number average molecular weight:

A sample of a polyisocyanate for the measurement

25 of the number average molecular weight thereof is pre-
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GPC 1s conducted under the conditions as described in

item (1) above.

(5) Isocyanate group content:

10 The isocyanate group content is defined as the
content (% by weilght) of isocyanate groups in a biuret
polyisocyanate.

For measuring the isocyanate group content, 5 to
10 g of a biuret polyisocyénate is accurately weighed

15 and used as a sample. 20 ml of toluene and 20 ml of a
2 N solution of n-dibutylamine in toluene are added to
the biuret polyisocyanate. The resultant mixture is
allowed to stand at room temperature for 15 minutes, to
thereby conduct a reaction.

20 The resultant reaction mixture is subjected to
back titration by means of an automatic titration appa-
ratus (model APB-410, manufactured and sold by KYOTO
DENSHI Co., Ltd.,, Japan) using 1 N hydrochloric acid.
The volume of 1 N hydrochloric¢ acld necessary for neu-

25 tralizing the unreacted n-dibutylamine in the reaction
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tially the same manner as mentioned above, except that
the biuret palyisocyanate is not used. The volume of
5 1 N hydrochloric acid necessary for neutralizing the
unreacted n-dibutylamine in the reaction mixture (i.e.,
titer of blank titration) was determined.
The amount of isocyanate groups is determined in
accordance with the formula below:
10 The isocyanate group content (% by weight) =
[(titer (ml) of blank titration) - (titer (ml)
of sample titration) x 42 / [weight (g) of sam-

ple x 1,000] x 100.

i5 (6) Viscosity:

The viscosity of a biuret polyisocyanate is meas-
ured using an E-type viscometer (model VISCONIC ED,
manufactured and sold by TOKIMEC Co,, Ltd.., Japan) at
25 °C.

20
(7) Storage stability of a biuret polyisocyanate at
5 *C:

A biluret polyisocyanate is placed in a colorless,

transparent glass container and tightly sealed after

25 purging the container with nitrogen gas. The resultant
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with the naked eye to determine whether the polyisocya-

nate became turbid or not.

Example 1

A flask provided with a stirrer, a thermometer, a
reflux condenser and a nitrogen gas feeding pipe was
purged with nitrogen gas. 700 Parts by weight of hex-
amethylene-~1,6-diisocyanate (HMDI), a mixed solvent of
150 parts by weight of trimethyl phosphate and 150
parts by weight of methyl cellosolve acetate, and 15
parts by weight of water as a biuretizing agent (molar
ratio of HMDI/water = 5/1) were charged to the flask.
The resultant mixture was stirred for 1 hour while
maintaining a temperature of the flask at 160 *C, to
thereby effect a first reaction. The unreacted diiso-
cyanate concentration of the first reaction mixture was
65 % hy weight.

In order to adjust the unreacted diisocyanate con-
centration of the first reaction mixture, the first re-
action mixture was fed into a wiped £ilm evaporator at
a feeding rate of 500 g/hr, and subjected to wiped f£ilm
evaporation at 160 *C and under a degree of vacuum of

655 Pa. As a result, the unreacted diisocyanate con-
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105
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centration of the first reaction mixture became 5 ¥ by

weight. The urea dimer content and transmittance of
the biuret polyisocyanate in the first reaction mixture
were 1.5 % by weight and 94 %, respectively.

S The first reaction mixture, which had been adjust-
ed with respect to the unreacted diisocyanate concen-
tration, was heated in a nitrogen atmosphere at a tem-
perature of 140 *C for 30 minutes, to thereby perfoxm a
second reaction. With respect to the biuret polyiso-

10 cyanate in the second reaction mixture, the urea dimer
content was not more than 0.2 % by weight and the
transmittance was 93 §%.

Subsequently. the second reaction mixture was fed
to a wiped £ilm evaporator'(degree of vacuum: 67 Pa,

15 temperature: 160 *C) to thereby isolate a.biuret poly-
isocyanate therefrom by removing the unreacted diiso-
cyanate in the second reaction mixture. With respect
to the isolated biluret polyisocyanate, the number aver-
age molecular weight was 690; the isocyanate group con-

20 tent was 22.9 % by weight: the unreacted diisocyanate
concentration was 0.3 % by weight; and the urea dimer
content was not more than 0.2 % by weight. The trans-

. mittance and viscosity of the biuret polyisocyanate
were 93 % and 3,700 mPa's at 25 "C, respectively. TFur-

25 ther., the biluret polyisocyanate did not become turbid
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even after being subjected to storage stability testing

at 5 °C.

Example 2

5 A first reaction was effected in substantially the
same manner as in Example 1 except that the amount of
water charged to the flask as a biuretizing agent was
9.4 parts by weight (molar ratio of HMDI/water = 8/1).
The unreacted diisocyanate concentration of the first

10 reaction mixture was 70 % by weight.

In order to adjust the unreacted diisocyanate con-
centration of the first reaction mixture, the first re-
action mixture was subjected to wiped film evaporation
under substantially the same conditjions as in Example 1.

15 As a result, the unreacted diisocyanate concentration
of the first reaction mixture became 4 % by weight.

The urea dimer content and transmittance of the biuret
polyisocyanate in the first reaction mixture were 1.1 %
by welight and 95 %, respectively.

20 The first reaction mixture, which had been adjust-
ad with respect to the unreacted dilsocyanate concen-
tration, was heated in a nitrogen atmosphere at a tem-
perature of 110 °C for 60 minutes, to thereby perform a
second reaction. With respect to the biuret polyiso-

25 cyanate in the second reaction mixture, the urea dimer
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content was not more than 0.2 % by weight and the
transmittance was 95 %,

Subsequently, the sacond reaction mixture was sub-
jected to wiped film evaporation to thereby isolate a
biuret polyisocyanate therefrom by removing the unre-
acted diisocyanate in the second reaction mixture.

With respect to the isolated biuret polyisocyanate, the
number average molecular weight was 635; the isocyanate
group content was 23.8 % by weight; the unreacted d4di-
isocyanate concentration was 0.3 % by welght; and the
urea dimer content was not more than 0.2 % by weight.
The transmittance and viscosity of the biuret polyiso-
cyanate were 94 % and 1,600 mPa's at 25 'C, respec-
tively. Further, the biuret polyisocyanate did not be-

come turbid even after being subjected to storage sta-

bility testing at 5 °C.

Example_ 3

A first reaction was effected in substantially the
same manner as in Example 2. The unreacted diisocyana-
te concentration of the first reaction mixture was 70 %
by weight.

The first reaction mixture was subjected to wiped
film evaporation under substantially the same condi-

tions as 1n Example 2, followed by adding HMDI to the

10

10
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Hoha 1 102£i%g GE":t:g%.o::tion mixture, thereby adjusting the unreacted
diisocyanate concentration of the first reaction mixtu-
re to 10 % by weight.

The first reaction mixture, which had been adjust-

5 ed with respect to the unreacted diisocyanate concen-
tration, was heated in a nitrogen atmosphere at a tem-
perature of 125 °C for 30 minutes, to thereby perform a
second reaction. With respect to the bhiuret polyiso-
cyanate in the second reaction mixture, the urea dimer

10 content was not more than 0.2 % by weight and the
transmittance was 95 %.

Subsequently, the second reaction mixture was sub-

jected to wiped film evaporation to thereby isolate a
biuret polyisocyanate theréfrom by removing the unre-

15 acted diisocyanate in the second reaction mixture.
With respect to the isolated biuret polyisocyanate, the
number average molecular weight was 635; the isocyanate
group content was 23.7 % by weight; the unreacted 4i-
isocyanate concentration was 0.3 % by weight; and the

20 urea dimer content was not more than 0.2 % by weight.
The transmittance and viscosity of the biuret polyiso-
Cyanate were 94 % and 1,600 mPa's at 25 °C, respec-
tively. Further, the biuret polyisocyanate did not be-

come turbid even after being subjected to storage sta-

25 bility testing at 5 °cC.
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Comparative Example 1

A first reaction was effected in substantially the

same manner as in Example 2. The unreacted diisocyana-
5 te concentration of the first reaction mixture was 70 %
by weight.

The first reaction mixture was subjected to wiped
film evaporation under substantially the same condi-
tions as in Example 2, followed by adding HMDI to the

10 first reaction mixture, thereby adjusting the unreacted
diisocyanate concentration of the first reaction mixtu-
re to 50 % by weight.

The £irst reactlon mixture, which had been adjust-
ed with respect to the unreacted diisocyanate concen-

15 tration, was heated in a nitrogen atmosphere at a tem-
perature of 125 °C for 30 minutes, to thereby perform a
second reaction. With respect to the biuret polyiso-
cyanate in the second reaction mixture, the urea dimer
content was 0.5 % by weight and the transmittance was

20 95 %.

Subsequently, the second reaction mixture was sub-
jected to wiped film evaporation to thereby isolate a
biuret polyisocyanate therefrom by removing the unre-
acted diisocyanate in the second reaction mixture.

25 With respect to the isolated biuret polyisocyanate, the
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number average molecular weight was 635; the 1lsocyanate
group content was 23.8 § by weight: the unreacted d4i-
isocyanate concentration was 0.3 % by weight: and the
urea dimer content was 1.0 % by weight. The transmit-
5 tance and viscosity of the biuret polyisocyanate were
92 % and 1,600 mPa‘*s at 25 *C, respectively. However,
the biuret polyisocyanate became turbid after being

subjected to storage stability testing at 5 °C.

10 Comparative Example 2
A first reaction was effected in substantially the
same manner as in Example 2, The unreacted diisocyana-
te concentration of the first reaction mixture was 70 %
by weight.

15 In order to adjust the unreacted diisocyanate con-
centration of the first reaction mixture, the first re-
action mixture was subjected to wiped film evaporation
under substantially the same conditions as in Example 2.

The first reaction mixture, which had been adjust-

20 ed with respect to the unreacted diisocyanate concen-
tration, was heated in a nitrogen atmosphere at a tem-
perature of 100 °C for 15 minutes, to thereby perform a
second reaction. With respect to the biuret polyiso-
cyanate in the second reaction mixture, the urea dimer

25 content was 0.8 ¥ by welght and the transmittance was
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jected to wiped film evaporation to thereby isolate a
biuret polyisocyanate therefrom by removing the unre-
5 acted diisocyanate in the second reaction mixture.
With respect to the isolated biuret polyisocyanate, the
number average molecular weight was 635; the isocyanate
group content was 23.8 % by weight: the unreacted di-
lsocyanate concentration was 0.3 % by weight: and the
10 urea dimer content was 0.8 % by weight. The transmit-
tance and viscosity of the biuret polyisocyanate were
95 % and 1,600 mPa“s at 25 *C, respectively. However,

the biuret polyisocyanate became turbid after being

subjected to storage stabiiity testing at 5 °C.

15
Comparative Example 3
A first reaction was effected in substantially the
Same manner as in Example 2. The unreacted diisocyana-
te concentration of the first reaction mixture was 70 &
20 by weight.

In order to adjust the unreacted diisocyanate con-
centration of the first reaction mixture, the first re-
action mixture was subjected to wiped film evaporation
under substantially the same conditions as in Example 2.

25 The f£irst reaction mixture, which had been adjust-
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ed with respect to the unreacted diisocyanate concen-

tration, was heated in a nitrogen atmosphere at a tem-
perature of 150 °C for 120 minutes, to thereby perform
a second reaction. With respect to the biuret polyiso-
5 cyanate in the second reaction mixture., the urea dimer
content was not more than 0.2 % by weight and the
transmittance was 88 %.
Subsequently, the second reaction mixture was sub-
Jected to wiped film evaporation to thereby isolate a
i0 biuret polyisocyanate therefrom by removing the unre-
acted diisooyanate in the second reaction mixture.
With respect to the isolated biuret polyisocyanate, the
number average molecular weight was 635; the isocyanate
group content was 23.8 % bj weight: the unreacted di-
15 lsocyanate concentration was 0.3 % by weight: and the
urea dimer content was not more than 0.2 % by weight.
The viscosity of the biuret polyisocyanate was
1,600 mPa*s at 25 "C. Further, the biuret polyisocva-
nate did not become turbid even after being subjected
20 to storage stability testing at 5 *C. However, the
transmittance of the biuret polyisocyanate was 87 %,

that is, the biuret polyisocyanate suffered discolora-

tion.

25 Comparative Example 4
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A flask provided with a stirrer, a thermometer, a
reflux condenser and a nitrogen gas feeding pipe was
purged with nitrogen gas. 700 parts by weight of HMDI,
a mixed solvent of 150 parts by weight of trimethyl
) phosphate and 150 parts by weight of methyl cellosolve
acetate, and 15 parts by weight of water as a biuretiz-
ing agent (molar ratio of HMDI/water = 5/1) were
charged to the flask. The resultant mixture was stir-
red for 1 hour while maintaining a temperature of the
10 flask at 160 *C, to thereby effect a first reaction.
The unreacted diisocyanate concentration of the first
reaction mixture was 65 % by weight.
In order to adjust the unreacted diisocyanate con-
centration of the first reaction mixture, the first re-
15 action mixture was fed into a wilped f£ilm evaporator at
a feeding rate of 500 g/hr, and subjected to wiped £ilm
evaporation at 160 *C and under a degree of vacuum of
655 Pa, and then, at 160 °C and under a degree of vac-
wum of 67 Pa. As a result, the unreacted diisocyanate
20 concentration of the first reaction mixture became
0.5 * by weight. The urea dimer content and transmit-
tance of the bluret polyisocyanate in the first reac-
tion mixture were 1.5 % by weight and 94 %, respec-

tively.

25 The first reaction mixture, which had been adjust-
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ed with respect to the unreacted diisocyanate concen-

tration, was heated in a nitrogen atmosphere at a tem-
perature of 110 °C for 30 minutes, to thereby perform a
second reaction. With respect to the biuret polyiso-

5 cyanate in the second reaction mixture, the number av-
erage molecular weight was 690; the ilsocyanate group
content was 22.9 % by weight; the unreacted diisocyana-
te concentration was 0.5 % by welght; and the urea d4i-
mer content was 1.2 % by weight. The transmittance and

10 viscosity of the biuret polyisocyanate were 94 % and
3,700 mPa's at 25 °C, respectively. However, the biu-
ret polyisocyanate became turbid after being subjected

to storage stability testing at 5 *C.

15 Example 4
Example 4 was conducted using the system shown in
Fig. 1. All procedures were performed in a nitrogen
atmosphere unless otharwise specifiled.
Hexamethylene-1,6-diisocyanate (HMDI) and a reac-
20 tion solvent (a 1:1 mixed solvent of methyl cellosolve
acetate and trimethyl phosphate) were continuously fed
to first reactor 4 through inlet pipe 2 at flow rates
of 1,000 parts by weight per hour and 500 parts by
weight per hour, respectively. As a bluretizing agent,

25 water was continuously fed to first reactor 4 through
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inlet pipe 1 at a flow rate of 7.1 parts by weight per
hour (molar ratio of HMDI/water = 15/1). A first reac-
tion was continuously performed consecutively in first
reactor 4, second reactor 7, and pipe reactoxs 9, 10
5 and 11. Illustratively stated, the reaction in first
reactor 4 was performed at 120 *C and at a residence
time of 90 minutes; the reaction in second reactor 7
was performed at 150 °C and at a residence time of
60 minutes; and the reaction in the pipe reactors 9, 10
10 and 11 was performed at 160 *C and at a residence time
of 60 minutes, thereby obtaining a first reaction mix-
ture.
The obtained first reaction mixture (amount of gas
dissolved therein: 0.25 Nmi/ml) was fed to degassing
15 apparatus 20 at its upper portion (a gaseous phase).
wherein degassing apparatus 20 was maintained at 30 °C
under a degree of vacuum of 655 Pa, to thereby degas
the first reaction mixture. The degassed first reac-
tion mixture was withdrawn through the lower portion (a
20 liquid phase) of degassing apparatus 20. The content
of the unreacted diisocyanate in the first reaction
mixture was 83 %¥ by weight.
The degassed first reaction mixture was fed to
wiped film evaporator 21 (degree of vacuum: 655 Pa,

25 temperature: 160 °C), and the unreacted diisocyanate
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concentration in the first reaction mixtuxe was adjust-
ed by wiped film evaporation, so that the diisocyanate
concentration of the first reaction mixture became 5 %
by weight. The urea dimer content and transmittance of

5 the biuret polyisocyanate in the first reaction mixture
were 1.0 % by weight and 93 %, respectively. The unre-
acted diisocyanate and the reaction solvent were recov-
ered in the form of a mixture thereof through with-
drawal pipe 22. The amount of the biuret polyisocyana-

10 te contained in the recovered mixture was not more than
0.5 % by weight.

The first reaction mixture., which had been adjust-
ed with raspect to the unreacted diisocyanate concen-
tration, was fed to heating vessel 23, and heated at

15 130 °C for 30 minutes, to thereby perform a second re-
action. With respect to the biuret polyisocyanate in
the obtained second reaction mixture, the urea dimer
content was not more than 0.2 % by weight and the
transmittance was 91 %.

20 Subsequently, the second reaction mixture was fed
to wiped film evaporator 24 (degree of vacuum: 67 Pa,
temperature: 160 °C) and the unreacted diisocyanate in
the second reaction mixture was removed from withdrawal
pipe 25, to thereby isolate the biuret polyisocyanate

25 from the sacond reaction mixture. The isolated biuret
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With respect to the obtained biuret polyisocyanate,

the number average molecular weight was 600; the iso-

cyanate group content was 24.7 % by weight; the unre-

5 acted diisocyanate concentration was 0.5 % by weight:
and the urea dimer content was not more than 0.2 % by
weight. The transmittance and viscosity of the biuret
polyisocyanate were 91 % and 900 mPars at 25 °C, re-
spectively. Further, the biuret polyisocyanate did not

10 become turbid even after being subjected to storage

stability testing at 5 *C.

Example 5
A first reaction was cbntinuously performed in

1is substantially the same manner as in Example 4 except

that the flow rate of water was 10.7 parts by weight
' per hour (molar ratio of HMDI/water = 10/1). The con-

tent of the unrxeacted diisocyanate in the obtained fir-
St reaction mixture was 73 % by weight,

20 The first reaction mixture was subjected to wiped
film evaporation under substantially the same condi-
Tions as in Example 4 to adjust the unreacted diisocya-
nate concentration of the first reaction mixture. Next,
a second reactlon was performed in substantially the

25 Same mannex as in Example 4. With respect to the biu-
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ret polyisocyanate in the second reaction mixture, the
urea dimer content was not more than 0.2 % by weight
and the transmittance was 94 %.
Subsequently, the unreacted diisocyanate in the

5 second reaction mixture was removed in substantially
the same manner as in Example 4, to thereby isolate the
biuret polyisocyanate from the second reaction mixture.
With respect to the obtained biuret polyisocyanate, the
number average molecular weight was 615; the isocyanate

10 group content was 24.4 $ by weight; the unreacted 4i-
igocyanate concentration was 0.4 % by weight; and the
urea dimer content was not more than 0.2 % by weight.
The transmittance and viscosity of the biuret polyiso-
cyanate were 94 % and 1,706 mPa*s at 25 °C, respec-

15 tively. Further, the biuret polyisocyanate did not be-
come turbid even after being subjected to storage sta-
bility testing at 5 *C.

With respect to the mixture of the unreacted di-

isocyanate and the reaction solvent recovered during

20 the first wiped film evaporation, the amount of the
biuret polyisocyanate contained therein was not more

than 0.5 % by weight.

Reference Example 1

25 A biuret polyisocyanate was produced in substan-
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tially the same manner as in Example 5 except that the
degassing step was not conducted. With respect to the
produced biuret polyisocyanate, the number average mo-
lecular weight was 615; the lsocyanate group content
5 was 24.4 % by weight; and the unreacted diisocyanate
concentration was 0.5 % by weight, The viscosity of
the biuret polyisocyanate was 1,700 mPa-s at 25 °C.
With respect to the mixture of the unreacted di-
lsocyanate and the reaction solvent recovered during
10 the first wiped film evaporation, the amount of the

biuret polyisocyanate contained therein was as large as

4 % by welght.

Reference Example 2

15 A biluret polyisocyanate was produced in substan-
tially the same manner as in Reference Example 1 (i.e.,
the degassing apparatus was not used) except that the
mlixture of the unreacted diisocyanate and the reaction
solvent recovered during the first wiped .film evapora-

20 tion in Reference Example 1 was used as a diisocyanate
(raw material). With respect to the produced biuret
polyisocyanate, the number average moiecular waight was
665; the isocyanate group content was 23.6 % by welght:
and the unreacted diisocyanate concentration was 0.5 %

25 by weight. The viscosity of the biuret polyisocyanate
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was as high as 2,010 mPa‘s at 25 ‘C.

With respect to the mixture of the unreacted di-
isocyanate and the reaction solvent recovered during
the first wiped film evaporation, the amount of the

5 biuret polyisocyanate contained therein was as large as

4 % by weilght.
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The biuret polyisocyanate of the present invention
not only exhibits an excellent stability at low tem-
peratures, but also is free from turbidity and discol-
5 oration. By virtue of these properties, the biuret
polyisocyanate can be advantageously used for producing
a coating composition, an adhesive, a fiber treatment
agent, a sealant, a waterproofing agent, a foam, an
elastomer and the like. For example, when the biuret
10 polyisocyanate of the present invention is used for
producing a coating composition, the obtained coating
composition is capable of forming a coating which ex-
hibits excellent adhesiveness and bending resistance.
In addition, by the procesé of the present invention,
15 it has become possible to effectively and efficiently
produce a biuret polyisocyanate which not only exhibits
an excellent stability at low temperatures, but also is
free from turbidity and discoloration. Further, by the
use of the process of the present invention, it has be-
20 come possible to rec¢ycle the unreacted diisocyanate re-

covered after the reaction for producing a polyisocya-

nate.
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1. A biuret polyisoc¢yanate obtailned by reacting at
least one diilsocyanate selected from the group consist-
5 ing of an aliphatic diisocyanate and an alicyclic di-
isocyanate with a biuretizing agent,
said biuret polyisocyanate having the following
characteristics (1) and (2):
(1) said biuret polyisocyanate contains urea bond
10 -containing compounds including an urea dimer which are
the intermediate products of the reaction between the
diisocyanate and the biuretizing agent, wherein said

urea dimer is represented by the following formula (I):

15 OCNR—NH%NH~RNCO (1)
O

wherein, each R independently represents an
20 aliphatic group or an alicyclic group derived
from said diisocyanate, and
sald biuret polyisocyanate has an urea dimer content of
not morxre than 0.5 % by weight, based on the total
welght of said biuret polyilsocyanate and said urea
25 bond-containing compounds including said urea dimer,

wherein said urea dimer content is defined as the per-
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in a gel permeation chromatogram of said biuret poly-

isocyanate containing the unreacted diisocyanate and

said urea bond-containing compounds, based on the total
5 area of all peaks, exclusive of a peak ascribed to said

unreacted diisocyanate, in said gel permeation chroma-

togram: and

(2) said biuret polyisocyanate exhibits a trans-
mittance of at least 90 ¥ as measured at 430 nm using a

10 cell having a length of 2 cm.

2. A process for producing a biuret polyisocyanate,
which comprises:
(a) conducting a first reaction between at least
15 one diisocyanate selected £rom the group consisting of
an aliphatic diisocyanate and an alicyclic diisocyanate
and a biuretizing agent, wherein the molar ratio of
said dilsocyanate to said biuretizing agent is from 4
to 40, thereby obtaining a first reaction mixture con-
20 taining the unreacted diisocyanate and a biuret poly-
lsocyanate;
(b) adjusting the concentration of the unreacted
diisocyanate in said first reaction mixture to a level
in the range of from 3 to 20 % by weight, based on the

25 total weight of the unreacted diisocyanate and said
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thus producing a biuret polyisocyanate having the fol-
lowing characteristics (1) and (2):
(1) said biuret polyisocyanate contains urea
bond-containing compounds including an urea
10 dimer which are the intermediate products of
said first reaction, wherein said urea dimer

is represented by the following formula (I):

OCNR -NH(i‘NH -RNCO (I)
)

15

wherein, each R independently repre-
sents an aliphatic group or an ali-
20 cycliec group derived from said di-
isocyanate, and
said biuret polyisocyanate has an urea dimer
content of not more than 0.5 % by weight,
based on the total weight of said biuret
25 polyisocyanate and sald urea bond-containing

compounds including said urea dimer, wherxein
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sald urea dimer content is defined as the
prercent of the area of a peak ascribed to
said urea dimer in a gel permeation chromato-
gram of said biuret polyisocyanate containing
5 the unreacted diisocyanate and said urea
bond-containing compounds, based on the total
area of all peaks, exclusive of a peak as-
cribed to said unreacted diisocyanate, in
sald gel permeation chromatogram, and
10 (2) said biuret polyisocyanate exhibits a
transmittance of at least 90 % as measured at
430 nm using a cell having a length of 2 cm;
and

(d) 4isolating said biﬁret polyisocyanate from said

15 second reaction mixture obtained in step (c).

3, The process according to claim 2, wherein, in step
(d), the isolation of said biuret polyisocyanate is
performed by removing the unreacted diisocyanate from

20 sald second reaction mixture.

4, The process according to c¢laim 2 or 3, wherein
said at least one diisocyanate is a hexamethylene-1,6
-diisocyanate.

25
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phosphate:
10
R3
R'O( (l:HCHZO ) .R? (11)
15 wherein each of Rl and R? independently rep-
resents an alkyl or an acyl group having 1 to
4 carbon atoms, R3 represents a methyl group
or a hydrogen atom, and n represents an inte-
ger of 1 or 2.
20
7. The process according to any one of claims 2 to 6,
wherein, 1in step (b). the adjustment of the unrseacted
dilsocyanate concentration of the first reaction mix-
ture 1s performed by wiped film evaporation.
25

8. The process according to c¢laim 7, wherein said
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first reaction mixture is degassed before being sub-

jectaed to wiped film evaporation.

9. The process according to any one of claims 3 to 8§,
wherein, in step (d), the removal of the unreacted di-~
isocyanate from said second reaction mixture is per-

formed by wiped £ilm evaporation.

10. The process according to claim 9, wherein said
second reactilon mixture is degassed before being sub-

jected to the wiped film evaporation.

11. The process according to any one of claims 2 to 10,
wherein step (a) comprises‘continuously conducting the
following substeps (1) and (ii):

(1) agitating a mixture of the diisocyanate and
the biuretizing agent to conduct a reaction between
said diisocyanate and said biluretizing agent in a homo-
geneous system of said mixture, thereby obtaining an
intermediate reaction mixture; and

(i1) feeding said intermediate reaction mixture to
a pipe reactor to thereby conduct a further reaction
between said diisocyanate and said biuretizing agent in

a2 piston flow, thereby obtaining a first reaction mix-

ture.



