
;e3er^r[Lj6HT*/1 April, 2003   Biuret polyisocyanate and process for
producing the same BACKGROUND OF THE INVENT ION Field of the Invention The
present invention relates to a biuret polyisv cyanate. More particularly,
the present invention is concerned with a biuret polyisocyanate obtained by
reacting at least one diisocyanate selected from the 10 group consisting of
an aliphatic diisocyanate and an alicyclic diisocyanate with a biuretizing
agent) wherein the biuret polyisocyanate,has a very low content of an
unfavrorable urea dimer which is an intermediate of the above-mentioned
reaction, and exhibits a high 15 transmittance. The biuret polyisocyanate
of the pre sent invention not only exhibits an excellent stability at low
temperatures, but also is free from discoloration. 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 f
or producing a coating composition, the obtained coating 25 composition is
capable of forming a coating which ex    1 April, 2O03 2 hibits excellent
adhesiveness and bending resistance. The present invention is also
concerned with a process for effectively and efficiently producing a biuret
polyisocyanate which not only exhibits an excellent 5 stability at low
temperatures, but also is free from discoloration. By the process of the
present invention, it has become possible to produce an excellent biuret
polyisocyanate in high yield. Prior Art A polyisocyanate containing
substantially no diisocyanate has been widely used for producing a coating
composition, an adhesive, a sealant, a waterproofing agent, a foam, an
elastomer, a fiber treatment agent 15 and the like. A representative
example of polyisocya hates for such usage is a polyisvcyanate having a biu
ret structure (that is, a biuret polyisoeyanate). A biuret polyisocyanate
can be produced from a diisocyanate (as a main raw material) and a
biuretizing agent, 20 such as water, a monovalent tertiary alechol, formic
acid, hydrogen sulfide, an organic primary amine and an organic secondary
amine. A number of methods for producing a biuret polyisocyanate have been
proposed. For example, the following patent documents disclose the 2$
method for producing a biuret polyisocyanate: Unexam 



1 April, 20O3 3 fined Japanese Patent Application Laid-Open Specification
No. 49-134629 (corresponding to U.S. Patent No. 3,976,622), Unexamined
Japanese Patent Application Laid-Open Specification No. 63-174961
(corresponding to 5 U.S. Patent No. 4,837,359), Examined Japanese Patent
Application Publication No. 61-60093, Examined Japanese Patent Application
Publication No. 61-26778 (corresponding to U.S. patent No. 4,176,132),
Examined Japanese Patent Application Publication No. 62-41496 10
(corresponding to U.S. Patent No. 4,290,969), Examined Japanese Patent
Application Publication No. 2-62545 (corresponding to U.S. Patent No.
4,983,762), Examined Japanese Patent Application Publication No. 5-17222,
and Unexamined Japanese Patent Application Laid-Open 15 Specification No.
8-22551I (corresponding to U.S. Patent No. 5,641,857.). In the production
of a biuret polyisocyanate, first, an isocyanate group of a starting
compound, such as a diisocyanate, reacts with a biuretizing agent to 20
thereby dorm a compound containing an urea bond (e. g., an "urea dimer"
obtained from two diisocyanate monomers) as an intermediate. Next, the urea
bond of the urea bond-containing compound and an isocyanate group react
with each other to thereby dorm a biuret polyiso 25 cyanate. It is known
that this reaction is accompanied   1 April, 2003 4 by the by-production of
various types of urea bond -containing compounds) so that the obtained
polyisocyapate becomes turbid due to the presence of the by produced urea
bond-containing compounds, For example, 5 when a turbid polyisocyanate is
used in a coating com position, the physical properties of the coating
obtained from the coating composition are likely to become unsatisfactory.
One method for preventing a polyisocyanate from becoming turbid is to
retain a re 10 action mixture (which is obtained by reacting a diiso
cyanate and a biuretizing agent) at high temperatures. For example, such a
method is described in Examined Japanese Patent Application Publication No.
62-4X496 (corresponding to U.S. Patent No. 4,290,969) and Exam 15 fined
Japanese Patent Application Publication No. 63-6544 (corresponding to U.S.
Patent No. 4,264,519), each of which discloses a continuous process for
producing a polyisvcyanate; 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 discloses a
batchwise process for producing a 25 polyisocyanate. However, when a
polyisocyanate is re  



1 April, 20O3 5 tained at high temperatures, the pvlyisocyanate is
sometimes likely to suffer discoloration Further, such a method for
preventing a polyisocyanate from becoming turbid has a problem in that the
method causes a 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 Examined 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 polyisoeyanate, 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 diner 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 2Q degree of the reduction o the urea dimer
content is low. Therefore) the polyisocyanate produced by this method
becomes turbid after the storage at low temperatures. zn the method
disclosed in the above-mentioned Ex 25 amined Japanese Patent Application
Publication No.   1 April, 2003 6 61-60093, in order to suppress the
increase in the diisocyanate concentration of a biuret polyzsocyanate
during the long term storage, the biuret polyisocyanate is subjected to
heat treatment before the storage. 5 Specifically, in this method) the
polyisocyanate is heated to increase the diisocyanate concentration thereof
for the purpose of eliminating substances which cause the formation of a
diisocyanate during the storage 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 so a recognition that the urea
dimer contained in the polyisocyanate causes the turbidity of the
polyisocyanate 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 dinner content of the polyisocyanate, but also prevents the
discoloration of the polyisocyanate, Zn general. a polyisocyanate is
produced from a 20 large excess o a diisocyanate. Therefore, for obtaining
a polyisocyanate as a final product, a purification step for removing the
unreacted diisocyanate having a high vapor pressure is necessary. With
respect to the method for removing the unreacted diisocyanate, there 25 can
be mentioned an extraction with a poor solvent for   1 April, 20O3 7 



the polyisocyanate, such as a lover polarity solvent or a fluid in a
critical state; however, in most cases, a wiped film evaporation is
employed. By wriped film evaporation, the thermal history experienced by
the 5 polyisocyanate can be suppressed, so that the heat de terioration of
the polyisocyanate is suppressed. Therefore, the wiped film evaporation is
suitable for removing a diisocyanate (which is a low boiling point
substance) from a polyisooyanate which has a high vis10 cosity. In the
production o a polyisocyanate in which the low boiling point substances
{such as a diisocyanate) is evaporated and separated from a mixture of a
polyzsocyanate and a diisocyanate by wiped film 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
substance) 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 disocyanate, the viscosity of the polyisocyanate becomes
disadvantageously high, so that 25 it becomes necessary to change the
condition for pro   1 April, 20O3 a ducing the polyisocyanate. SUMMARY OF
THE INVENTION In this situation, the present inventors have made 5
extensive and intensive studies with a view toward developing a biuret
polyisocyanate which is tree from discoloration and turbidity, particularly
the turbidity which occurs during the storage at low temperatures. As a
result, it has unexpectedly been found that, when 10 the content of an urea
dimer (one of the urea bond -containing compounds) in a biuret
polyisoeyanate is reduced to a level not more than 0.5 % by weight, it
becomes possible to prevent the polyisocyanate from becoming turbid during
the storage at low temperatures. 15 Further, the present inventors have
found that, when a biuret polyisocyanate is produced by a method in which a
first reaction between a diisovyanate and a biuretizing agent is conducted
to thereby obtain a first 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 is improved. 25 In addition, the present inventors have also
found   1 April, 2003 9 



that the presence o a gas dissolved in the reaction mixture is causative of
the entrainment. The present invention has been completed, based on these
novel findings. 5 Accordingly, it is an object of the present inven 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 l0 provide a process for effectively and
efficiently pro ducing a, biuret polyisocyanate which is free from both
discoloration and turbidity, and exhibits high stabil ity at low
temperatures. The foregoing and other objects, features and ad is 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 deference Examples 1 and 2. 25 Description of
Reference Numerals   1 April, 20O3 ~o 1: Introduction pipe for a
biuretizing agent 2: Introduction pipe for a raw material 3) 6: Agitator
3A, 6A: Heating jacket 5 4: First reactor 



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: Intermediate
tank 20: Degassing apparatus 2x, 24: Wiped film evaporator 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 consisting of an aliphatic diisocyanate and an alicycled
diisocyanate with a biuretizing agent, the biuxet polyisocyanate having the
following 25 characteristics (1) and (2):   1 April, 20O3 11 (1) the biuret
polyisocyanate contains urea bond -containing compounds including an urea
dimer which are the intermediate products of the reaction between the
diisocyanate and the biuretizing agent) wherein the g urea dimer is
represented by the following formula (I): OCNR-NHCNH-RNCO (x) I( O IO
wherein, each R independently represents an aliphatic group or an alicyclic
group derived from the di~.socyan~.te, 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 compounds
including tha 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
mention 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   1 April, 2003 12 cell having a length of 2 cm.
For easy understanding of the present invention, the essential features and
various embodiments of the 5 present invention are enumerated below. X. A
biuret po~.yisocyanate obtained by reacting at least ona diisocyanate
selected from the group consist ing of an aliphatic diisocyanate and an
alicyclic di 10 isooyanate with a biuretizing agent, the biuret
polyisocyanate having the fo7.lowing characteristics (1) and (2): (1) the
biuret polyisocyanate contains urea bond -containing compounds including an
urea dimer which are 15 the intermediate products of the reaction between
the diisocyanate and the biuretizing agent, wherein the urea dimer is
represented by the following formula (I): OCNR-NHCNH-RNCO (z) 20 O wherein,
each R independently represents an aliphatic group or an alicyclic group
derived 25 from tk~e diisocyanate, and the biuret polyisocyanate has an
urea dimer content o~   



1 April, 2O03 13 not more than 0.5 ~ by weight, based ~n the total weight
of the biuret polyisocyanate and the urea bond -containing compounds
including the urea dimer, wherein the urea dimer content is defined as the
percent of the S area of a peak ascribed to the urea dimer in a gel per
meation chromatogram of the biuret polyisocyanate con taining the unreacted
diisocyanate and the urea bond -containing compounds, based on the total
area of a11 peaks, exclusive of a peak ascribed to the unreacted 10
diisocyanate, in the gel permeation chromatogram; and (2) the biuret
polyisocyanate exhibits a transmitta~nce of at least 90 ~ as measured at
430 nm using a cell having a length of 2 cm. 15 2. A,process for producing
a biuret polyisocyanate, wh~.ch comprises: (a) conducting a first reaction
between at least one diisocyanate selected from the group consisting of an
aliphatic diisocyanate and an alicyclic diisocyanate 20 and a biuretizing
agent, wherein the molar ratio of the diisocyanate to the biuretizing agent
is from 4 to 40, thereby obtaining a first reaction mixture containing the
unreacted diisocyanate and a biuret polyi.socyanate: (b) adjusting the
concentration of the unreacted 25 diisocyanate in the first reaction
m~.~cture to a level   1 April, 2003 14 in the range of from 3 to 2D ~ by
weight, based on the total weight of the unreacted diisocyanate and the
b~.u ret pol.yisocyanate; (c) heating the first reaction mixture, which has
5 been adjusted with respect to the unreacted diisocyana to concentration
in step (b), at a temperature of from 110 to 160 C to thereby perform a
second reaction, thus producing a biuret polyisvcyanate having the
folbowing characteristics {1) and (2): IO (1) the biuret polyisocyanate
contains urea bond-containing compounds including an urea dimer which are
the intermediate products of the first reaction, wherein the urea dimer is
represented by the following formula (I): 15 OCNR-NHCNH-RNCO (z) O 



20 wherein, each ~ independently repre cents an aliphatic group or an ali
cyclic group deri~red from the dizso-. cyanate, and the biuret
polyisocyanate has an urea dimer 25 content o~ not more than 0,5 ~ by
weight, based on the total weight of the biuret poly   1 April, 2O03 15
isocyanate and the urea bond-containing compounds including the urea dimer,
wherein the urea dimer content is defined as the percent of the area of a
peak ascribed to the urea 5 dimer in a gel permeation chromatogram of the
biuret polyisocyanate containing the unreacted diisocyanate and the urea
band-containing compounds, based on the total area of all peaks, exclusive
of a peak ascribed to the 10 unreacted diisocyanate, in the gel permeation
chrvmatvgram, and (2) the biuret polyisocyanate exhibits a transmittance of
at least 90 % as measured at 43Q nm using a cell having a length of 2 cm;
15 and (d) isolating the biuret polyisocyanate from the second reaction
mixture obtained in step (c). 3. The process according to item 2) wherein,
in step 20 (d), the 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 hex2~ttethylene-1,6-diiso   1 April, 20O3 3. 6
diisocyanate. 5. The process according to any one of items 2 to 4, wherein
the biuratizing agent is water. 5 



6. The process according to item 5, wherein) in step (a), the first
reaction between the diisocyanate and water is performed in the presence of
at least one sol vent selected from the group consisting of a compound 14
represented by the following formula (II) and az~ alkyl phosphate: R3 15
114 ( CHCH~O ) n~2 ( IT ) wherein each of RI and R2 independently
represents 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
integer 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 rnix ture is performed by wiped film
evaporation.   1 April) 2003 17 8. The process according to item 7, wherein
the first reaction mixture is degassed before being subjected to wiped film
evaporation. 5 9. The process according to any one of items 3 to 8,
wherein) in step (d), the removal of the unreacted diisocyanate from the
second reaction mixture is performed by wiped film evaporation. 10 10. The
process accord~.ng to item 9) wherein the sec and reaction mixture is
degassed before being subjected to the wiped film evaporation. 15 I1. The
process according to any one of items 2 to 10, wherein step (a) comprises
continuously conducting the following substeps (i) and (ii): (i) agitating
a mixture of the diisocyanate and the biuret~.zing agent to conduct a
reaction between the 2o diisocyanate and the biuret~.zing agent in a
homogeneous 



system of the mixture, thereby obtaining an intermedi ate react~.on
mixture; and (ii) feeding the intermediate reaction mixture to a pipe
reactor to thereby conduct a further reaction 25 between the diisocyanate
arid the biuretiaing agent in a   1 April, 2003 18 piston flow, thereby
obtaining a first reaction mixture. ~ereinbelow) the present invention wzll
be de scribed in detail, 5 The polyisocyanate of the present invention is a
biuret structure-containing polyisocyanate which is obtained by reacting at
least one diisocyanate selected from the group consisting of an aliphatic
diisocyanate and an alicyclic diisocyanate with a biuretiaing agent. 10
Illustrati~rely stated, the polyisocyanate of the pre sent invention is a
polyisocyanate containing a biuret structure represented by the following
formula: O II 15 . -NH-C-~-R-NCO C=O 2n the present invention, such a
biuret structure 20 -containing polyisocyanate is referred to as a "biuret
polyisocyanate". The reaction between the diisocyanate and the biuretizing
agent for obtaining the biuret polyisocyanate comprises a reaction between
two isocyanote groups and a biuretizlag agent to form an urea 25 bond, and
a reaction between the formed urea bozld and   1 April, 2003 19 an
isocyanate group to form a biuret structure. There is no particular
limitation with respect to the reaction for forming an urea bond. As
examples of such a reaction, there can be mentioned reactions represented 5
by the following formulae (al) to (a5): 20CN-R-NCO + H20 ~ OCNR-NHCNH--RNCO
+ C02 ( a1 ) , O 



20CN-R-NCO + HCOOH ~ OCNR-NHCNH-RNCO + CO ( a2 ) II O 20CN-R-NCO + ( CH3 )
3COH ~ OCNR-NHCNH-RNCO II ' 0 CH3 I5 I + C02 + CH3C=CH20 ( a3 ) ,
20CN-R-NCO + H2S "~' OCNR-NHCNH-RNCO + COS ( a4 ) ( and II 0 20 20CN-R-NCO
+ CH3NHZ -"~ OCNR-NHCNH-RNCO + CH3NC0 ( a5 ) . II 0 A urea bond-containing
dimer of the di~.socyanate, which 25 is produced in the reactions shown
above, is the "urea   1 April, 20O3 20 dimer" represented by formula (I)
above. The urea bond thus formed reacts with an isocyanate group, thereby
forming a biuret structure. There is no particular limitation with respect
tv the reaction for forming a g biuret structure. As an example of such a
reaction, there can be mentioned a reaction represented by the following
formulae OCN-R-NCO ~ OCNR-NHCNH-RNCO ~ II 10 ~ O OCN-R-NH-C-N-R-NCO I C=O I
NH I R l NCO 15 ~'he process for producing the biuret polyisocya pate
involves not only the urea dimer-forming reaction. such as the reactions o~
formulae (a1) to (aS) above, but also various side reactions which form
urea bond 20 -containing compounds other than the urea dirner. Exam ples of
such urea bond-containa,z~g compounds (other than the urea dimer) include a
compound represented by the following formula:   1 April, 2003 



z~ OCN-~- R-NHCNH-R-~- NCO 0 wherein n is an integer of 2 or more, 5 and a
compound having.a structure wherein at least one of the terminal isocyanate
groups of the biuret polyisocyaz~ate shown in formula (~) above is
converted into an urea bond. It is known that the presence of the urea
dimer 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 dimer content of the
biuret polyisocyanate, it becomes possible to prevent the bl.uret 15
polyisocyanate from becoming turbid during the storage at low temperatures
(this occurrence of turbidity during the storage at lover temperatures has
been considered to be due to the increase in the concentration of
diisocyanate in the biuret polyisocyanate). The urea di ZO 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, 2O03 22 polyisocyanata exceeds 0.5 ~ by
weight, the biuret polyisocyanate becomes turbid when it is stoned at about
5  C or less. The urea dimer content of the biuret polyisocyag nate is
defined as the percent of the area of a peak ascribed to the uxea dimer in
a gel permeation chromatogram of the biuret polyisocyanate containing the
unreacted diisocyanate and the urea bond-contain~,ng compounds, based~on
the total area of a11 peaks, exclusive 10 of a peak ascribed to the
unreacted diisocyanate (and also exclusive of a peak ascr~.bed to the
reaction solvent when the reaction solvent is used), in the gel permeation
chromatogram. In the present invention, the gel permeation chromatogram
used to determine the urea 15 dimer content is a gel permeation
chromatogram obtained by subjecting a biuret polyisoeyanate 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 polyisoeyanate is not discolored. In a conventional.
method for producing a biuret polyisocyanate, a biuret poly 25 isocyanate
i.s heated for a long tune to prevent the   1 April, 20O3 23 polyisocyanate
from being turbid during the storage (especially, during the low
temperature storage), so that the polyisocyanate is likely to suffer
discoloration. On the other hand, in the production of the biu 5 ret
polyisocyanate of the present invention, the urea 



dimer contained in the biuret polyisocyanate, which causes the turbidity of
the biuret polyisocyanate, is eliminated without heating the polyisocyanate
for a long time, so that the biuret poJ.yisocyanate of the 10 present
~.nvention exhibits high transmittance. With respect to the process far
producing the biuret polyisocyanate of the present invention, it is
preferred to employ the process of the present invention. By trie process
of the present invention, it becomes possible to produce a biuret
polyisocyanate which is substantially fz~ee of not only the urea dimer but
also other urea bond-containing compounds and ~rhich exhibits high
transmittance. Such a biuret polyisocyanate 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
d~.~.socyanate and an alicyclic diisocyanate   1 April, 2003 24 and a
biuretizing agent) wherein the molar ratio of the di.isooyanate to the
biuretizing agent is from 4 to 40, thereby obtaining a first reaction
mixture containing the unreaeted diisocyanate and a biuret polyisocyanate;
g (b) adjusting the concentration of the unreacted diisoeyanate in the
f~.rst reaction mixture to a level in the range of from 3 to 20 % by
weight, based on the total weight of the unreacted diisocyanate and the
bi,uret polyisocyanate; (c) heating the first reaction mixture, which has
been adjusted with respect to the unreacted diisocyana to concentration in
step (b)) at a temperature of from i~.0 to 160 C to thereby perform a
second reaction, thus producing a biuret polyisocyanate of the Qresent 15
invention; and ' (d) isolating the biuret polyisoeyanate from the second
reaction mixture obtained in step {c). The d~.i.socyanate used as a raw
material in the process of the present invention is at least one diiso20
cyanate selected from the group consisting of an aliphatic diisocyanate and
an aJ.icyclic diisvcyanate. As an aliphatic diisocyanate, a C4-Cgp
aliphatic diisocyanate is preferred, and as an alicyclic diisocyanate. a
Cg-Cg0 alicyclic diisocyanate is preferred. Spec~.fic 25 examples of
diisocyanates include tetramethylene-1,4   1 April, 20O3 25 -dii.socyanate,
pentamethylene-1,5-diisocyanate, hexamethylene-1,6-diisocyanate)
2,2,4-trimethylhexamethylene-1,6-diisocyanate, lysine diisocyanate,
isophorone diisocyanate, 1,3-bis(isocyanatemethyl)cyclo 5 hexane arid
4,4`~dicyclohexylmethane diisocyanate. Such 



diisocyanates can be used individually or in combina~ tion. Among them,
hexamethylene-1,b-diisocyanate (hereinbelow, frequently referred to simply
as "HMDI") and isophorone diisocyanate (hereinbelvw, frequently 10 referred
to simply as "IPDI"), which have been widely used ~.n industry, are
preferred, and HMDI is most preferred. Examples of biuretiz~.ng agents used
in the process of the present invention include water, a monovalent 15
tertiary alcohol) oz~mi.c acid, hydrogen sulfide, an organic pr~.mary
menoamin,e and an organic primary diamine. Among them) water is preferred
because the use o water not only enables the production of a low viscosity
polyisocyanate, but also dues not cause the by~pro 20 duction of a
flammable gas, a toxin gas, a monoisocya~ hate az~d the J.i~~e. In step (a)
of the process o the present invention) the di.isocyanate and the
buiretiaing agent, which are subjected to the first reaction, are used in a
mo 25 lar ratio (of the diisocyanate to the biuretizing   1 April, 20O3 26
agent) of at least 4, preferably at least 5, and not more than 40,
preferably not more than 30, more preferably not more than 20. 'When the
molar ratio o~ the diisocyanate to the biuretizing agent is less than 4,
the 5 viscosity of the produced polyisocyanate becomes disad vantageously
high, and such a high viscosity polyisocyanate cannot be used for obtaining
an excellent coating composition, and the like. Illustratively stated, a
high viscosity polyisocyanate has a low compatibility 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 compos~.tion is prepared using such
a high viscosity polyisocyanate, the soJ.ids content of the coating
composition becomes low. When the molar 7,5 ratio of the diisocyanate to
the biuretizing agent is more than 40, the yield of the polyisocyanate is
lowered, which is disadvantageous from the viewpoint of productivity and
economy. Zn the process of the present invention, when wa 20 ter is used as
a biuretizing agent, it is preferred to conduct the first reaction between
a diisocyanate and water in the presence o~ a solvent. It is preferred to
use a reaati.oz~ solvent capable of dissolving both the dxisoeyanate and
water) since a homogenous reaction 25 s~rstem can be obtained under
reaction conditions used   1 April, 2003 z7 in the process of the present
invention, so that the formation of by-products, such as urea
bond-oontaining compounds, can be suppressed. Therefore, when a solvent is
used in step (a), it is preferred that the sol 5 vent is used in an amount
which is sufficient to form a homogeneous reaction system. With respect to
the solvent used in step (a), it is preferred that the solub~.lity of water
(as a biuretizing agent) in the solvent is 0.5 % by weight or more. 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 solvent necessitates extra costs for separating and recovBring the
solvent after the reaction and) hence, is 15 economically disadvantageous.
In addition, from the viewpoint of ease in separating and recovering the
unreacted diisocyanate, it is preferred that the boiling point of the
solvent is lower than that of the diisocyanate. 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 (XI) and an
alkyl phosphate:   1 April, 20O3 28 ~3 R10 ( CHCHZO ) nR2 ( z z ) g wherein
each of R1 and AZ 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 integer of 1 ox 2. 10 Both the compound
represented by formula (II) abo ve and the alkyl phosphate do not react
with an isocyanate group. In addition, bath of the above compounds are
hydrophilic, so they can be favorably used in a reaction system where the
biuretizing agent is water. ig Examples of compounds represented by formula
(II) above include compounds which are used as ethylene glycoJ.-type
solvents and compounds which are used as propylene glycol-type solvents.
Examples of ethylene glycol-type solvents include ethylene glycol
monomethyl ZO 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. diacetate) 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,   1 AQril, 2003 29 ethylene glycol
methyl ethyl ether, ethylene glycol methyl isopropyl ether, ethylene glycol
methyl n-butyl ether, ethylene glycol ethyl n-propyJ. ether, ethylene
glycol ethyl isopropyl ether. ethylene glycol ethyl 5 n-butyl ether,
ethylene glycol n-propyl n-butyl ether, ethylene glycol isopropyl n-butyl
ether, d~.ethylene glycol monomethyl ether acetate, diethylene glycol
monoethyl ether acetate) diethylene glycol mono-n -propyl ether acetate,
diethylene glycol monoi.sopropyl 10 ether acetate, diethylene glycol
mono-n-butyl ether acetate, diethylene glycol diacetate, diethylene glycol
dimethyl ether, diethylene glycol diethyl ether, diethylene glycol
di-n-propyl ether, diethylene glycol diisopropyl ether, diethylene glycol
di-n-butyl ether, 15 diethylene glycol methyl ethyl ether, diethylene
glycol methyl isopropyl ether, diethylene glycol methyl n-pxopyl ether,
diethylene glycol methyl n-butyl ether, diethylene glycol ethyl isopropyl
ether, di.ethylene glycol ethyl n-propyl ether, diethylenE glycol ethyl 20
n-butyl ethex, diethylene glycol n-propyl n-butyl. ether. and diethylene
glycol isopropyl. n-butyl ether. Among these cvmpvunds) preferred are
ethylene glycol monomethyl ether acetate, ethy~.ene glycol monoethyl ether
acetate, ethylene g~.ycol diaoetate, and diethylene gly25 col dimethyl
ether.  



1 April, 2003 30 Examples of propylene glycol-type solvents include
propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether
acetate, propylene glycol mono -n-propyJ. ether acetate, propylene glycol
monoisopropyl ether acetate, propylene glycol mono-n-butyl ether ace tate,
propylene glycol di.acetate) propylene glycol di~ methyl ether, propylene
glycol diethyl ether, propylene glycol di-n-propyl ether, propylene glycol
diisopropyl ether, propylene glycol di-n-butyl ether) propylene gly 10 col
methyl ethyl ether, propylene glycol methyl isopro pyl ether, propylene
glycol methyl n-butyl ether, propylene glycol ethyl n-propyl ether,
propylene glycol ethyl isopropyl ether, propylene glycol ethyl n-butyl
ether, propylene glycol n-propyl n-butyl ether, pz~opyle 15 ne glycol
isopropyl n-butyl ether, dipropylene glycol monomethyl ether acetate,
dipropylene glycol monoethyl 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, diprvpylene 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   1 April, 2O03 37. pylene
glycol methyl n-butyl ether, dipropylene glycol, ethyl isopropyl ether)
dipropylene glycol ethyl n-propyl ether, dipropylene glyool ethyi n-butyl
ether, dipropyl one glycol n~propyl n-butyl ether and dipropylene glycol 5
isopropyl n~butyl ether. Among these compounds, preferred are propylene
glycol~monomethyl ether acetate, propylene glycol monoethyl ether acetate,
propylene glycol diacetate and dipropylene glycol dimethyl ether. Examples
of alkyl phosphates include trimethyl 10 phosphate, triethyl phosphate,
tripropyl phosphate and tributyl phosphate. Among these alkyl phosphates,
preferred are trimethyl phosphate and trzethyl phosphate, The
above-mentioned solvents can be used individu 15 ally or in combination.
From the viewpoint of suppressing the increase in the diisoeyanate
concentration of the obtained polyisocyanate during the long term storage ,
the use of a mixed solvent ~.s preferred ~.n the process of the present
invention, Specifically, when 20 an ethylene glycol-type solvent and an
alkyl phosphate are used in combination, it 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. zt is preferred that a mixed solvent as mentioned
above is 25 used in an amount of from 20 to 50 ~ by weight, based   1
April, 2003 



32 on the total weight of the diisocyanate as a raw mate riaJ. and the
mixed solvent. In the process of the present invention, an OH-acidic
compound, such as di(2-ethylhex-~rl) phosphate 5 described in Unexamined
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. When an OH-acidic compound is added to the reaction system, the
rate of the biuretizing reac 10 tion is increased, and it becomes possible
to suppress the increase in the diisocyanate concentration of the
polyisocyanate during the long term storage. In step (a) of the process of
the present invention, the first reaction is conducted between a diiso 15
cyanate and a biuretizi.ng agent) thereby obtaining a first reaction
mixture containing the unreacted diisocyanate and a biuret polyisocyanate.
In the first reaction, the urea bond-containing compounds includ~.ng the
urea dimer az~a 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 uxea bond containing compounds are converted into the biuret structures
by a reaction between the urea bond -containing compounds and the
isocyanate groups, there 25 by obtaining a biuret polyisocyanate. It is
preferred   1 April, 2O03 33 that the first reaction is conducted at a
temperature of from 70 to 200 ' C) more preferably from 90 to 1S0  C. When
the first reaction is conducted at a temperature J.ower than 70  C, it
becomes d~.fficult to advance the above-mentioned reaction. On the other
hand, when the first reaction is conducted at a temperature higher than 200
C, the pol.yisocyanate i.s likely to suffer discolorat~.on . Tha first
reaction between the diisocyanate and 10 the biuretizing agent in step (a)
may be performed in either a batchwise manner or a continuous manner.
However, from the viewpoint of productivity and the like) it is preferred
to conduct the first reaction in a continuous manner. Specifically) it is
preferred that 15 step (a) is performed by the continuous method described
in Examined Japanese Patent Application Publication No. 62-4I496, which
comprises continuously conducting the following substeps (i) and (ii): (i)
agitating a mixture of a diisocyanate and a 20 biuretizing agent to conduct
a reaction between the diisocyanate and the biuretizing agent in a
homogeneous system of the mixture, thereby obtaining an intezmediate
reaction mixture; and (ii) feeding the intermediate reaction mixture to 25
a pipe reactor to thereby conduct a further reaction   1 April, 2003 34
between the diisocyanate and the biuretizing agent in a piston flow,
thereby obtaining a first reaction mixture. When the reaction is conducted
using a pipe reactor in a piston low, the whole of the reaction mixture 



5 resides in the pipe reactor, and thus, the urea bond containing compounds
easily react with the isocyanate groups. As a result) the content of the
urea bond -containing compounds can be remarkably decreased. The reaction
in substep (i) can be conducted using, 10 for example, 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 atmospheric pressure at BO 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 minutes, and the flow
rate of the reaction mixture is genorally 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 diisocyanate in the first reaction mixture
obtained in step (a) is adjusted to a specific level. The unreacted
diisocyanate concentration is the amount (% by weight) of the unreacted
diisocyanate, based on the total weight of 25 the unreacted diisocyanate
and the polyisocyanate   1 April, 2003 35 (which contains the urea
bond-containing compounds in cluding the urea dimer). Step (b) is conducted
so as to adjust the unzeacted diisocyanate concentration of the first
reaction mixture to a level in the range of 5 from 3 to 20 % by weight,
preferably 3 to 15 `a by weight, more preferably 3 to 10 ~ by weight. When
the diisocyanate concentration is outside the above -mentioned range, the
rate of the reduction of the urea dimer is lowered in the second reaction
conducted in 10 the subsequent step (c). The process of the present
invention has been developed, based on a surprising finding that the rate
of the reduction of the urea dimer increases when the second reaction is
conducted in a reaction system where the unreacted diisocyanate con 15
centration is in the above-mentioned specific range. As explained in detail
above, the urea bond in the urea dimer is reacted With an'isocyanate group
to convert the urea bond into a biuret bond, thereby eliminating the urea
dimer 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~.mer content,
so that the urea dimer content of a polyisocyanate can be xapidly reduced
when the reaction 25 ~.s conducted in a reaction system having a high
uz~re~   1 A ril 2003 36 do However, aCCO=ding n. ~ ornate cancentra ed
diiso Y it has been act of the present inventors a loW unre_ to the studies
a react-on system hayin~3 



d that , in th g to 20 ~ bY rom f out. concentration of ion o the urea dyer
is diisocYanate acted the rate o the redact rea system hav~-ng ction
~tei.9ht ~ s compered to that in thA ncentrat~.on exceeding hl.3h unreacted
di~.scyanate c a high con ht, tutor 20 ~ bY Weig a the ixst reaction mix
ornate, an In general, sinc of the unreacted d~isocY ,ns a large mount
ocxanate iS xemoved from to tay when the urireaGt_ o the unreacted dii.s
eXCess reaction mixture HWe~rer. of the First reaction a f first th sacY
eymentio.nad range. a di_ ornate concentration ed dii =e is loWe= than the
abov m~xture~ to the t reaction tra_ m1x pate is added to flr d
diisocyanate concen The 1~ iSOCYa , ad'usting the unreacte 'on mixture to a
desired the adjust_ thereby level. reacted diisocYanate for the tian of the
reacts v$1 of the un ornate concentration of remo of the unreacted diisocY
exformad bY extxactln meat tore cax~. be p oc ana such as te. first
xeacti.on mix Solvent f or the polY~-s Y t7-cal State ( O~ 20 w ith a poor
t or a x7.uid in a cri the prey race5s of l,ow poiar~'ty solven of the
~,ation~ HoWEVer, in the P 



erred tna~' the xemoya7. distil bY owned pY distillation ~Y .~,~ention, it
is pze gent ~. ted diisocyanate ~s perf unreac 25   1 April, 2003 37 means
of wiped film evaporation. In the wiped film evaporation, the contents in
the evaporator are forcibly treated so as to farm a thin film, thereby
facilitating the evaporation of the diisocyanate (which has a 5 low boiling
point), so that the diisocyanate can be ef~.ciently separated from the
polyisocyanate. In the process of the present invention, i.t is preferred
that the first reaction mixture is degassed befoxe being subjecting to the
wiped film evaporation. 10 When the polyisocyanate is produced using water
as a biuretizing agent, carbon dioxide (COZ) gas is generated as a
by-product gas. Conventionally, the C02 gas was considered to be
substantially insoluble in the reaction mixture, but actually) a part of
the by-produced 15 C02 gas is dissolved in the reaction mixture. The amount
of the gas dissol~re~, in the reaction mixture varies depending on the
reaction aonditi.ons, 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 dissolved therein is fed to the wiped film evaporator
which is operated under a vacuum condition, the following unfavorable
phenomenon occurs. Tha gas dissolved in 25 the first reaction m3.xture
vapora.xes and e~epands i,n the   1 April, 2O03 38 wiped film evaporator
and causes a part of the first reactzon mixture to be scattered onto a
cooling apparatus (used for condensing a vapor composed of the unreacted
diisocyanate). The thus scattered first reaction mixture adheres to the
cooling apparatus. When the separation arid recovery of the unreaCted
diisocyanate is performed using such a cooling apparatus, the adhared first
reaction mixture is caused to be mixed with 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 poJ.yisocyanate 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 v~.scoszty, thereby unfavorably affecting the
physical properties of the polyisocyanate. The above-mentioned unfavorable
phenomenon 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 polyisocyanate contained in the 25
recovered diisocyanate varies depending on the reaction 



1 April, 2003 39 conditions, but rn8y sometimes be as much as several
weight percent, based on the weight of the recovered diisocyanate. In a
preferred mode of tha process of the present 5 invention, in view of the
above-mentioned finding about the phenomena caused by the by-product gas,
the first reaction mixture is degassed to remove the gas dissolved 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 performed, for example, by
the following method. The system used for the production o~ the
pol.yisvcyanate 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 apparatus at the upper portion thereof, so
that the first reaction 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 surface
thereof, so that the first reaction mixture is de 25 gassed. In this
method, it is not preferred to feed   1 April, 20O3 40 the first reaction
mixture directly to the lower portion of the degassing apparatus containing
the liquid phase, since the degassing of the fizst reaction mixLure may
become incomplete. The degassing apparatus 5 may be equipped with a
stirrer. However) since the de gassing apparatus is operated under vacuum
conditions, the structure of the degassing apparatus becomes complicated
when it is equipped with a stirrer. Therefore, the use of such a
complicated apparatus may increase a la cost. It is preferred that the
temperature of the first reaction mixture to be subjected to the wiped film
evaporation is not higher than the boiling point of the first reaction
mixture. When the temperature of the 15 first reaction mixture is higher
than the boiling point of the first reaction mixture, an unfs,vorable
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 film
evaporators connected in series. 'When the wiped film evaporation is
conducted in two stages, the degassing of the first react~.on 25 mixture
can be performed prior to each stage.   1 April, 2003 41 



zn step (c) of the process of the present invention) the first reaction
mixture is heated So as to conduct a second reaction for decreasing the
urea dimer content of the biuret polyisocyanate) thus obtaining 5 the
biuret polyisocyanate of the present invention. In the second reaction, the
urea dimer formed in the first reaction is reacted w~.th the isocyanate
group to convert the urea bond into the biuret structure, thereby
eliminating the urea dimer. In step (c), the first re l0 action mixture
which has been adjusted with respect to the unreacted diisocyanate
concentration is heated at 110 to l60  C ( preferably 110 to 140  C . When
the reaction temperature is lower than l10 'C) the xate of the reduction of
the urea dimer is disadvantageously 15 lowered. When. the reaction
temperature is hzgher than I60  C, the b3.uret polyisocyanate is 7.~.kely
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 ~.s conducted
so that the biuret polya.socyanate aJ.so exhibits a transmittance 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 polyi.so 25
cyanate is discolored. In order to obtain a biuret   1 Auril, 2003 42
polyisocyanate Which exhibits a transm~.ttance of at least 90 ~, the
heating is conducted at a temperature within the above-mentioned range for
5 to 90 minutes, preferably 5 to 60 minutes) more preferably 5 to 30 5
minutes. When the heating time is shorter than the above-mEntioned range,
the reduction of the urea dimer becomes unsatisfactory. When the heating
time is longer than the above-mentioned range, the transmittance of the
biuret polyisocyanate is lowered and, hence, the J.0 biuret polyisocyanate
suffers discoloration. Step (c) can be conducted ~.n 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 reaotion time employed in step (o)
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. Zt i,s
preferred that the isolation of the biuret polyisocyanate is performed by
removing the unreacted diisocyanate from the second reaction mixture. The
removal of the unreacted diisocyanate in step (d) can be 25 performed by
extraction With a poor solvent for the   1 April, 2003 43 polyisocyanate)
such as a low polarity solvent or a fluid in a critical state, or by
distillation, but it is preferred to remove the unreacted diisvcyanate by
wiped film Evaporation in the same manner as described 5 for the adjustment
of the unreacted diisocyanate con 



centration in step (b). In addition, as zn the case of step (b), it is
preferred that the second reaction mix tune is degassed before being
subjected to the wiped film evaporation. 10 The process of the present
invention for producing the biuret poJ.yisocyanate in a continuous manner
is described in detail below) referring to the system shown 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. Simultaneously with the deeding 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 agitator 3 and heating
jacket 3A. In first reactor 4, a reaction between the diisocyanate and the
biureti2ing agent is conducted, thereby obtaining a first interme 25 diate
reaction mixture. The gas generated during the   1 April, 20O3 44 reaction
is removed through exhaust pipe 13 and condenser 14. The first
5.ntermediate reaction mixture is fed to second reactor 7 through pipe 5.
Second reactor 7 is also a complete mixing-type agitation vessel equipped
w~.th agitator 6 and heating jacket 6A. A fur ther reaction is conducted in
second reactor 7, thereby obtaining a second intermediate reaction mixtuxe,
and the gas generated during the reaction is removed through exhaust pipe
15 and condenser 16 (corresponding 10 to substep (i) of step (a)). The
second intermediate reaction mi~sture is fed through pipe 8 to a serially
connected pipe reactors 9, 10 and 11. Pipe reactors 9, 10 and 11 are
equipped with jackets 9A, 10A and 11A) respectively. Still a further
reaction is conducted in 15 the pipe reactors, thereby obtaining a first
reaction mixture (corresponding to substep (ii) of step (a)). A small
amount of gas generated during the reaction is removed through exhaust pipe
17 and condenser 18. The first reaction mixture is Continuously withdrawn
from 20 the pipe reactors and is introduced into intermediate tank 19
through pipe 12. Next, the first reaction mixture is fed to degassing
apparatus 20 to degas the first reaction m~.xture, The degassed first
reaction mixture is fed to wiped film evaporator 21, i.n which the 25
unreacted di~.socyanate concentration in the first reac   1 April, 2003 45
tion mixture is adjusted (corresponding to step (b)). The unreacted
diisocyanate which is removed to adjust the unreacted diisocyanate
concentration of the first reaction mixture is recovered through withdrawal
5 pipe 22, and the first reactzon mixture which has been adjusted with
respect to the unreacted diisocyanate concentrat~.on is fed to heating
vessel 23. zn heating vessel 23, the first reaction mixture is heated to
perform 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 withdrawal
pipe 25, to thereby ~isoJ.ate the biuret polyiso 7.5 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 d~.mer (which is
causative of the turbidity of the bi.uret polyisocyanate, which occurs
during the storage at low temperatures), but also is colorless,
transparent. Specifically, the urea dimer content of the biuret
polyisocyanate is not more 25 than 0.5 % by weight, preferably not more
than 0.3 % by   1 April, 2003 ~6 weight, and the transmittance of the
biuret polyisocya nate is at least 94 %. In addition, the biuret
polyisocyanate obtained by the process of the present invention contains
substantially no diisocyanate, and 5 generally, has an unreacted
diisocyanate concentrat3.on of not more than 5 % by weight, preferably not
more than 2 % by weight, more preferably not more than 1 by weight., With
respect to the biuret polyisocyanate, the isocyanate group content is
genez~ally 3 to 25 % by l0 weight; the number average molecular weight is
generally 550 to 1000: and the viscosity is genera7.ly 500 to 50,000 mPa~s
at 25 C. P   1 April, 2003 47 BEST MODE FOR CARRYING OUT THE INVENTION
Hereinbelow, the present invention will be de scribed in more detail with
reference to the following Examples, Comparative Examples az:d Reference
Examples, 5 but they should not be construed as limiting the scope of the
present invention. Tn the following Examples, Comparative Examples and
Reference Examples) various properties were meas 10 ured as follows. Urea
dimer content: 



The urea dimer content of a biuret polyisocyanate is defined as the amount
(~ by weight) of an urea dimer 15 z~epresented by formula (I) above, based
on the total weight of the biuret polyisocyanate and the urea bond
-containing compounds including the urea dimer. A'sampxe of a biuret
polyisocyanate for the meas uremen.t of the urea dimer 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 becomes 0.5 % by weight. For measurement of the uxea dimer content of
a biuret polyisocyanate in a reaction mixture, the reaction mixture 25 as
such is used as a sample.   1 April, 2003 48 The sample of a biuret
polyisocyanate is subjected to gel pexmedtion chromatography (GPC) under
conditions as mentioned below, thereby obtaining a chromatogram. The urea
dimer content is determined as the percent of the area of a peak ascribed
to the urea dimez~ (i.e., a peak having a retention time corresponding to
the molecular weight of 3l0 when the diisocyanate is
hexamethylene-I-6-diisocyanate (HMDZ)), based on the total area of all
peaks, exclusive of a peak ascribed to the 1.0 unreacted diisocyanate in
the obtained chromatogram. GPC was conducted under the following
conditions: Chromatoprocessor: HhC-8120GPC (manufactured and sold by TOSOH
Corporation, Japan). Columns: TSKgel Super H1000, TSKgeI Super H2000 and i5
TSKgel Super H3000 (each of which, is manufac turgid and sold by TOSOH
Corporation, Japan), connected in series, Carrier: THF (flow rate: 0.6
ml/min), and Detector: refractive index detector. ao 



(2) Transmittance: The transmittance of a biuret polyisocyanate is measured
by means of a visible and W spectrophotometer (UV-160", manufactured and
sold by Shimadzu Corpora 25 tion, Japan) at 430 nm, using a cell having a
length of   1 April, 2003 49 2 cm. (3) Unreacted diisocyanate
concentration: The unreaeted diisocyanate concentration of a re5 action
mixture or a biuret polyisoc~ranate 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 (J.) above. The sample of the reaction mixture or
poJ.yisocyanate 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 corresQonding to
the molecular weight of 168 when the diisocyanate is HI~~DI), based on 20
the total. area of a11 peaks in the obtained chromatogram, ( 4 ) Number
average mo~.ecuJ.a.r weight A sample of a polyisocyanate for the
measurement 25 o~f the number average molecular weight thereof is pre   1
April, 2O03 50 pared by dissolving the biuret polyisocyanate in
tetrahydrofuran (THF) so that the final concentration of the polyisocyanate
in THF becomes 0.25 % by weight. The prepared sample is subjected to GPC to
thereby deter s mine the number average molecular weight thereof. The GPC
is conducted under the conditions as described in item (1) above. (5)
Isocyanate group content: 10 The isoeyanate group content is defined as the
content (% by weight) of isocyanate groups in a biuret polyisocyanate. 



For measuring the isocyanate group content, 5 to 10 g of a biuret
polyisocyanate 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 pvlyisocyanate. The resultant mixture is allowed to stand at
room temperature for 15 minutes, to thereby conduct a reaction. 20 The
resultant reactzon 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 acid necessary for neu 25 tralizing the unreacted
n-dibutylamine in the reaction   1 April, 2O03 51 mixture (i.e., titer of
sample titration) is determined. Zn addition, titration is conducted in
substan dally the same manner as mentioned above, except that the biuret
polyisocyanate is not used. The volume o~ 5 1 N hydrochloric acid necessary
fox 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 ormula below: lp The isocyanate
group content (% by weight) [(titer (ml) o blank titration) - (titer (ml)
of sample titration) x 42 / [weight (g) of sam ple x 1,000] x 100. 15 ( 6 )
Viscos~.ty: The viscosity of a biuret polyisocyanate is measured using an
E-type viscometer (model VISCONIC ED, manufactured and sold by T~RXMEC Co.,
Ltd., Japan) at Z5  C. 20 (7) Storage stability of a biuret polyisocyanate
at 5 ' C: A biuret pvlyisocyanate is placed iz~ a colorJ.ess, transparent
glass container and tightly sealed after 25 purging the container with
nitrogen gas. The resuJ.tant   1 April, 2003 



5z glass container is placed at 5 C fox 1 day. The biuret polyisoeyanate in
the g3.ass container i.s examined with the naked eye to determine whether
the poJ.yisocyanate became turbid or not. 5 Examole A flask provided with a
stirrer, a thermometer, a reflex condenser and a nitrogen gas feeding pipe
was purged with nitrogen gas. 700 Parts by weight of hex 10
amethylene-J.,6-diisocyanate (HMDI), a mixed solvent of 150 parts by weight
of trimethyl phosphate and 150 parts by weight of methyl celiosolve
acetate, and 15 parts by weight of water as a biuretizing agent (molar
ratio of HMDI/water = 5/1) were charged to the flask. 15 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 diisocyanate
concentration of the first reaction mixture was 65 % by weight. 20 In order
to adjust the unreacted diisocyanate con centration of the first react~.on
mixture, the first re actl.on mixture was fed into a wiped film evaporator
at a feeding rate of 500 g/hr, and subjected to wiped film evaporation at
160 'C and under a degz~ee of vacuum of 25 655 Pa, As a result, tl7.e
unreacted diisocyanate con   1 April, 2003 53 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. 5 The ffirst reaction mixture,
which had been adjust ed with respect to the unreacted diisocyanate
concentration, was heated in a nitrogen atmosphere at a temperature of 140
C for 30 minutes, to thereby perfozm a second reaction. With respect to the
biuret polyiso 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 fi7.m
evaporator (degree of vacuum: 67 Pa, 15 temperature: 160 'C) to thereby
isolate a.biuret poly isocyanate therefrom by removing the unreacted
diisocyanate in the second reaction mixture. With respect to the isolated
biuret polyisocyanate, the number average moJ.ecular weight was 690; the
isocyanate gzoup 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 vi$cosity of the
biuret polyisocyanate 



were 93 % and 3,700 imPa~s at 25 'C, respectively. Fur 25 ther, tk~e biuret
polyisocyanz:te did not become turbid   1 April, 2003 54 even after being
subjected to storage stability testing at 5  C . Ex,amx~le 2 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 HI~I/water = 8/1). The unreacted
diisocyanate concentration of the first 10 reaction mixture was 70 % by
weight. In order to adjust the unreactad diisocyanate concentration of the
first reaction mixture, the first reaction mixture was subjected to wiped
film evaporation under substantially the same conditions 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 weight and 95 %, respectively. 20 The first reaction mixture,
which had been adjust ed with, respect to the unreacted diisocyanate
concentration) was heated in a nitrogen atmosphere at a temperature of 110
C for 60 minutes, to thereby perform a second reaction. With respect to the
biuret po~.yiso~ 25 cyanate in the second reaction mixture, the urea dimer
1 April, 2O03 55 content was not more than 0.2 ~ by weight and the
transmittance was 95 %. Subsequently, the second reaction mixture was
subjected to wiped film evaporation to thereby isolate a 5 biuret
poly~.socyanate therefrom by removing the unre acted diisocyanata in the
second z~eaction mixture. With respect to the isolated biuret
polyisocyanate, the number average molecular weight was 635; the isocyanate
group content was 23.$ % by weight; the unreacted di 10 isocyanate
concentration was 0.3 % by weight; and the urea dimer content was not more
than 0.2 % by weight. The transrnittanee and viscosity of the biuret
polyisocyanate were 94 % and 1,600 mPa~s at 25 'C, respectively. Further,
the biuret polyisocyanate did not be 15 come turbid even after being
subjected to storage stability testing at 5 'C. Example 3 A first reaction
was effected in substantially the 20 same manner as in Example 2. The
unreacted diisocyanato 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 



25 tions as in Example 2, followed by adding HMDr to the   1 A ril 2003 56
f~.rst reaction mixture, thereby adjusting the unreacted diisocyanate
concentration of the fizst reaction mixture to 10 % by weight. The first
reaction mixture, which had been adjusts ed with respect to the unreacted
diisocyanate concen tration, was heated in a nitrogen atmosphere at a
temperature of i.25  C for 30 minutes , to thereby perfoz~m a second
reaction. With respect to the biuret polyisocyanate 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
subjetted to wiped film evaporation to thereby isolate a biuret
polyisocyanate therefrom by removing the unre 15 acted diisocyanate in the
second reaction mixture. With respect to the isolated biuret
polyisvcyanate) the number average molecu7.ar weight was 635; the
isocyanate group content was 23.7 % by weight; the unreacted diisocyanate
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
polyisocyanate were 94 % and 1,600 mPa~s at Z5 C, z~espectively) Further,
the biuret polyisocyanate did not become turbid even after being subjected
to storage sta25 bility testing dt 5 C.   1 April) 2003 57 Comparative
Example 1 A first reaction was effected in substantially the same manner as
in Example 2. 'the unreacted diisocyana to concentration of the first
reaction mixture was 70 % by weight. The first react~,on 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 diisoeyanate concentration of the
first reaction mixtu re to 50 % by weight. The first reaction mixture,
which had been adjust 



ed with respect to the unreacted di.isocyanate concen IS tration, was
heated in a nitrogen atmosphere at a tem perature of 125 'C xor 30 minutes)
to thereby perform a second reaction. With respect to the biuret
polyisocyanate in the second reaction mixture, the urea dimer content was
0.5 ~ by weight and the transmittance was z0 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 5.n the second reaction mixture. 25 With respect to the
isolated biuret polyisocyanate) the   1 April, 2003 58 number average
molecular weight was 635; the isocyanate group content was 23.8 % by
weight; the unreacted diisocyanate concentrati.vn was 0.3 ~ by weight; and
the urea dimer content was 1.0 % by weight. The transmit s 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 Examp3.e 2 A
first reaction Was effected 1n substantially the same manner as in E~cample
2. The unreacted diisocyanato concentration of the first reaction mixture
was 70 % by weight. 15 In order to adjust the unreacted diisocyanate
concentration of the first reaction mixture, the first reaction mixture was
subjected to wiped film evaporation under substantially the same conditions
as in Example 2. Tkze first reaction mixture, which had been adjust 20 ed
wi.th respect to the unreacted diisocyanate concentration, was heated in a
nitrogen atmosphere at a temperature of 100 C for 15 minutes, to thereby
perform a second reaction. With respect to the biuret polyisocyanate in the
seoond reaction mixture, the urea dimer 25 cozztent was 0.8 % by weight and
the transmittance was   1 April, 2003 59 95 %. Subsequently, the second
reaction mixture was sub 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 polyisocyaz~ate, the number average molecular weight was
635; the isvcyanate gxoup content was 23.8 % by weight; the unreacted
diisocyanate 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 polyisoayanate became turbid after being subjected to storage
stability testing at 5 C. 15 Comparative Exatnpie 3 A first reaction was
etected in substantially the same manner as in Example 2. The unreacted
diisocyana to concentration of the first reaction mi~cture was 70 % z0 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 first reaction mi~cture, which had been adjust   1 April, 2O03 60 ed
with respect to the unreacted diisocyanata concentration, was heated in a
nitrogen atmosphere at a temperature 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 iso~.ate a l0
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 % by weight: the unreacted di 



15 ~.socyanate 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 polyisocya 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
Combarative Example 4   1 April, 2003 61 A flask provided with a stirrer, a
thermometer) a 5 IO 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 biuretizing
agent (molar ratio of F~DI/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
diisocyanate concentration of the first reaction mixture was 65 % by
weight. In order to adjust the unreacted diisocyanate con 15 20 centration
of the first reaction mixture, the first reaction mi~cture was fed into a
wiped film evaporator at a feeding rate of 500 g/hr, and subjected to wiped
film evaporation at 160 'C and under a degree of vacuum of 655 Pa, and
then, at 16d 'C and under a degree of vacuum of 67 Pa. As a result, the
unreacted diisocyanate concentration of the first reaction mixture became
0.5 % 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. 25 The first reaction mixture, which had been adjust   1
April, 2O03 62 



ed with respect to the unreaeted diisocyanate concentration, was heated in
a nitrogen atmosphere at a temperature of 110  C for 30 minutes , tv
thereby perf orm 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 isocyanate group content Was 2Z.9 % by weight: the
unreacted diisocyanato concentration was 0.5 % by weight; and the urea
dimer content was 1.2 % by weight. The transmittance and 10 viscosity of
the biuret polyisocyanate were 9~ % and 3,700 mPas at 25 C, respectively.
However, the biuret polyisocyanate became turbid after bezng subjected to
storage stability testing at 5 'C. 15 Example 4 Example 4 was conducted
using the system shown in k~ig. 1. All procedures were performed in a
nitrogen atmosphere unless otherwise specified.
Hexamethylene-1,6-diisocyanate (HMDI) and a reac20 tion solvent (a 1:1
mixed solvent of methyl. cellosolve acetate and trimethyl phosphate) were
continuously fed to first reactor 4 through ~.nlet pipe 2 at flow rates of
1,000 parts by weight per hour and 500 parts by weight per hour,
respectively. As a biuretizing agent, 25 water was continuously fed to
fzrst reactor 4 through   1 April, 2O03 63 inlet pipe 1 at a f low rate of
7.1 parts by weight per hour (molar ratio of I~IDI/water = J.5/1) . A first
reaction was continuously performed consecutively in first xeactor 4,
second reactor 7, and pipe reactors 9, 10 5 and 11. Xllustrativ~ely 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 7.60 'C and at a residence time
of 60 minutes, thereby obtaining a first reaction mixture. The obtained
first reaction mixture (amount of gas dissolved therein: 0.25 Nml/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 reaction mixture was withdrawn through the lower portion (a 20 liquid
phase) of degassing apparatus 20. The content of the unreaeted diisoCyanate
in the first reaction mixture was 83 % by weight. The degassed first
reaction mixture was fed to wiped film evaporator 27. (degree of vacuum:
655 Pa, 25 temperature: 160 C), and the unreacted diisocyanate   1 April,
20O3 64 concentration in the first reaction mixture was adjusted by Wiped
film evaporation, so that the diisocyanate coriCentration of the first
reaction mixtur 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 unreacted diisocyanate and
the z~eaction solvent were recovered in the form of a mixture thereof
through withdrawal pipe 22. The amount of the biuret polyisocyana 10 to
contained in the recovered mixture was not more than 0.5 % by weight. 



The first reaction mixture. Which had been adjusted with respect to the
unreacted diisocyanate concentration, was fed tv heating vessel 23, and
heated at 15 130 C for 30 minutes, to thereby perform a second reaction.
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 Subse~uentl.y, 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 bi.uret
polyisocyanate 25 from the second reaction mixture. The isolated biuret   1
April, 2003 65 polyisocyanate was withdrawn from withdrawal pipe 26. With
respect to the obtained bluret polyl.socyanate, 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
mPas at 25 C respectively. Further, the biuret polyisocyanate did not 10
beoome turbid even after being subjected to storage stability testing at 5
C. Example 5 A first reaction was continuously performed in 15
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 FiI~DI/watez =
10/1). The con tent of the unreacted diisocyanate in the obtained fir st
reaotion mixture was 73 % by Weight. 20 The first reaction mixture was
subjected to wiped film evaporation under substantially the same condiLions
as in Example 4 to adjust the unreaeted diisocyanate concentration of the
first reaction mixture. Next, a second reaction was performed in
substantially the 25 same manner as in Example 4. With respect to the biu
1 April, 2003 66 



ret polyisocyanate in the second reaction m~.xture) the urea dimer content
was not more than 0,2 % by weight arid the transmittance was 94 %.
Subsequently, the unreacted diisocyanate in the 5 second react~.on mixture
was removed in substantially the same manner as i.n Example 4, to thereby
isoJ.ate 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 di isocyanate concentration was 0.4 % by weight; and the urea
dimer content ~rr~as not more than 0.2 % by weight. The transmittance and
viscosity of the biuret polyisocyanate were 94 % and 1,700 mPa-s at 25 C)
respec 15 tiveJ.y. Further, the biuret polyisocyanate did not beeome turbid
even after being subjected tv storage stability testing at 5 'C. With
respect to the mixture of the unreacted di isoayanate 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
substaz~   1 April, 20O3 67 tially the same manner as in Example 5 except
that the degassing step was not conducted. With respect to the produced
biuret po,lyisocyanate) the number average molecular weight was 6l5; the
isocyanate group content 5 was 24.4 % by weight; and the unreacted
diisocyanate concentration was 0.5 % by weight, The viscosity of the biuret
polyisooyanate was 1,700 mpas at 25 C. with respect,to the mixture of the
unreacted diisocyanate 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 weight. Reference Example 2 15 A
biuret polyisocyanate was produced in substandally the same manner as in
Reference Example 1 (i.e., the degassing apparatus was not used) except
that the mixture 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 molecular weight was 665; the
isocyana.te group content was 23.6 % by weight; and the unreacted
diisocyanate concentration was 0.5 25 by weight. The viscosity of the
biuret polyisocyanate   1 April, 20O3 6 



was as high as 2 , O 10 mpa  s at 25 ~ C . With respect to the mixture of
the unrsacted di ~.socyanate and the reaction solvent recovered during the
first wiped film evaporation, the amount of the bi.uret polyisocyanate
contained therein was as large as 4 ~ by weight.   1 Auril, 2003 69
Industrial A plicabilitv The biuret polyisocyanate of the present invention
not only exhibits an excellent stability at lour temperatures, 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 composit~.on is capable of
forming a coating which exhibits excellent adhesf.veness and bending
resistance. In addition, by the process of the present invention, 15 it has
become possible to effectively and efficient~.y produce a biuret
po7.yisocyanate which not only exhibits an exceJ.lent 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 recycle the unreacted diisocyanate recovered after the reaction
for producing a polyisocyanate.   I A ril 2003 70 CLAIMS 1. A biuret
polyisocyanata obtained by reacting at least one diisocyanate 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 (7.) and (2): (1) said biuret polyisocyanate contains urea
bond -containing compounds including an urea dimer which are , the
inte,r~nediate products of the reaction between the diisocyanate and the
biuretixing agent) wherein said urea dimer is represented by the following
formula (I): is OCNR-NHCNH-RNCO C z ) O wherein, each R independently
represents an 2o aliphatic group or an alicyclic group derived from said
diisocyanate, 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
polyisocyanate and said urea 25 bond-containing compounds including said
urea dimer, wherein said urea dimer content is defined as tha pex   1
April, 20O3 71 cent of the area of a peak ascribed to said urea di.mer 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 a13, peaks, exclusive of a peak ascribed to said
unreacted diisocyanate, in said gel permeation chroma togram: and (2) said
biuxet polyisocyanate exhibits a trans mittance of at least 90 % as
measured at Q30 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 x5 one
diisocyanate selected fzom the group consisting of an aliphatic
diisocyanate and an alicyclic diisocyanate and a biuretizing agent, wherein
the molar ratio of said diisocyanate 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 isocyanate; (b) adjusting the concentration
of the unreacted diisocyanate in said first reaction mixture to a level i~z
the range of from 3 to 20 % by weight, based on the 25 total weight of the
unreacted diisocyanate and said   1 April, 2O03 72 biuret polyisocyanate;
(c) heating said first reaction mixture, which has been adjusted with
xespect to the unreacted diisocyanate concentration in step (b), at a
temperature of 5 from 17.0 to 160  C to thereby perform a second reaction,
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 axe the
intermediate products of said first reaction, whez~ein said urea dimez is
represented by the following formula (I): OCriR-NHCNH-RNCO ( z ) 15 O
wherein, each R independently reprecents an aliphatic group or an ali 20
cyclic 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 said urea
bond-containing 



compounds including said urea dimer, wherein   1 April, 2003 73 said urea
di.mer content is defined as the percent of the area of a peak ascribed to
said urea dimer in a gel permeation chromatogram of said biuret
poLyisocyanate containing 5 the unreacted diisocyanate and said urea
bond-containing compounds, based on the total area of a11 peaks, exclusive
o~ a peak ascribed to said unreacted diisocyanate, in said gel permeation
chromatogram, and 10 (2) said biuret pvlyisocyanate exhibits a
transmittanee of at least 90 % as measured at 430 nm using a cell having a
length of 2 cm; and (d) isolating said biuret polyisocyanate from said 15
second reaction m~.xture 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 said second
reaction mixture. 4. The process according to claim 2 or 3, wherein sa~.d
at least one diisocyanate is a hexamethylene-1,6 -diisocyanate. 25   1
April, 2003 5. The process according to any one of claims 2 to 4) wherein
said biuretizing agent is water. 6. The process according to claim 5,
wherein, in step 5 (a), the first reaction between said diisooyanate and
water is performed in the presence of at least one sol vent selected from
the group consisting of a compound represented by the following formula
(II) and an alkyl phosphate: xo R3 I R10 ( CHCF~ZO ) aRz ( I I ) 



15 wherein each of R1 and RZ independently represents an alkyl or an acyl
group having 1 tv 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, in step (b)) the adjustment
of the uz~reacted diisoeyanate concentration of the first reaction mix tune
is performed by wiped film evaporation. 25 8. The process according to
claim 7, wherein said   1 Anril, 2003 75 first reaction mixture is degassed
before being sub jected to wiped f.~lm evaporation, 9. The process
according to any one of cJ.aims 3 to 8, 5 wherein, in step (d), the removal
of the unreacted di isocyanate from said second reaction mixture is per
formed by wiped film evaporation. 10. The process according to claim 9,
wherein said 10 second reaction mixture is degassed before being sub jected
to the griped film evaporation. 11. The process according to any one of
claims 2 to 10, wherein step (a) comprises~continuously conducting the ~5
following substeps (i) and (ii?: agitating a mixture of the diisocy~anate
and the biuretizing agent to conduct a reaction between said dizsocyanate
and said biuretizing agent in a homo geneous system of said mixture,
thereby obtaining an 20 intermediate react~.on mixture; and (ii) feeding
said intermediate reaction mixture to a pipe reactor to thereby conduct a
fuzther reaction 



between said diisoCyanate and said biuretizing agent in a piston flow)
thereby obtaining a first reaction mix 25 ture.
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