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TITLE OF THE INVENTION 

Biuret polyisocyanate ~nd process for producing 

the same 

BACKGROUND OF THE !NV£NTION 

s Field 0£ the Invention 

The present invention relates to a biuret polyiso-

cyanate. More particularly, the present invention is 

concerned with a biuret polyisocyanate obtained by re­

acting at least one diisocyanate selected from the 

10 group consisting of an aliphatic diisocyanate and an 

al1cyclic diisocyanate with·a biuretizing agent, where­

in the biuret poly1socyanate ,has a very low content of 

an unf avorab1e urea d1Dler which is an intermed1ate of 

the above-mentionad reaction, and axhibits a high 

lS transmi,ttance. The biu:ret polyisocyanate of the pre­

sent invention not only exhibits an excellent stability 

at low temperatures, but also is free from discolora­

t~on. By virtue of these properties, the b1uret poly-

isocyanat& 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 

po1y~socyanate of the present invention is used f o~ 

produc1ng a coating composition, the obtained coating 

25 composition is capable of forming a coating which ex-
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hib1ts excellent adhesiveness and bendi.ng resistance. 

The present invention is also concerned with a process 

for effectively and efficiently producing a biuret 

po1yisocyanate which not only exh~bits an excellent 

5 stability at low temperatures, but also is free from 

disco1orat1on. By the process of the present invention, 

it has become possib1e to produce an excellent biuret 

polyisocyanate in high yield. 

10 Prior Art. 

A polyisocyanate containing substantially no di­

isooyanate has been widely used for producing a coating 

composition, an adhesive, a seaiant, a waterproofing 
. 

agent, a foam, an elastomer, a fiber treatment agent 

15 and th~ like. A representative example of polyisocya­

nates for such usage is a polyisocyanate having a biu­

ret structure (that is, a biuret polyisooyanate). A 

b~uret po1yisocyanate can be produced from a diisocya-

nate {as a ~ain raw material) and a biuretizing agent. 

20 suoh as water, a monovalent tertiary alcohol, formic 

acid, hydrogen sulfide, an organic primary amine and an 

organic secondary amine. A number of methods for pro­

ducing a b1uret polyisooyanate have been proposed. For 

example, the following patent documents disclose the 

25 method for producing a biuret polyisocyanate: Une~am-
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ined Japanese Patent Applicat1on Laid-Open Specifica­

tion 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. Patant No. 4~837,359), Examined Japanese Patent 

Application Publication No. 61-60093, Examined Japanese 

Patent Application Publication No. 61-26778 (corre­

sponding to U.S. Patent No. 4,176,132}. Examtned Ja­

panese 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. 8-225511 (corresponding to U.S. Pat­

ent No. 5,641,851). 

In the production of a biuret polyisocyanate, 

first. an isocyanate group of a starting compound, such 

as a diisocyanate1 reaots with a biuretizing agent to 

20 thereby form a compound containing an urea bond (e.g .• 

an •urea dimer- obtained from two diisocyanate mono-

mers) as an intermediate. Next, the urea bond of the 

urea bond-oonta~ning compound and an isocyanate group 

react with eaoh other to thereby form a biuret polyiso-

25 cyanate. It is known that thi.s reaction is accompan.i.ed 
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by the by-production of various types of urea bond 

-containing compounds, so that the obtained polyisocya-

nate becomes turbid due to the presence of the by-

produced urea bond-containing compounds. For example, 

5 when a turbid polyisooyanate is used in a coating CQm-

position, the physical properties of the coating ob-

tained from the coating composition are likely to be-

come unsat1sfactory. one method for preventing a 

poly1socyanate from becoming turbid 1s to retain a re-

10 action mixture (which is obtained by reaoting a diiso-

cyanate and a biuretizing agent) at high tempe~atures. 

For example, such a method is described in Examined Ja-

panese Patent Application Publication No. G2-4l496 

(corresponding to U.S. Patent No. 4,290~969) and Exam-

15 ined J~panese 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 Publ~cation No. 2-62545 (correspond-

ing to US Patent No. 4,983.762) and Unexamined Japanesa 

Patent Appl~cation Laid-Open Specification No. 8-225511 

(corresponding to U.S. Patent No. 5,c41,851), each of 

which discloses a batchwise process for producing a 

25 polyisooyanate. However, when a polyisocyanate i.s re-
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tained at high temperatures, the polyisocyanate is 

sometimes likely to suffer discoloration. Further, 

such a method for preventing a polyisooyanate from be­

coming turbid has a problem in that the method causes a 

5 low productivity of the po1yisocyanate 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 Pub11cation 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 £or produclng a polyisocyanate is treated in a 
. 

p~pe reactor, to thereby effectively react the d1iso-

15 oyanat~ with the urea dimer and other urea bond 

-containing compounds. However, in this method. the 

treatment in the pipe reactor is perform.ad under condi­

tions wherein the di1sooyanate 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 po1yisocyanate produced by this 

method becomes turbid a£ter the storage at low tempera-

ture.s. 

In the method disclosed in the above-mentioned Ex-

25 a.mined Japanese Patent Application Publication No. 
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61-60093, in order to suppress the increase in the di­

isocyanate concentration of a biuret polyisocyanate 

during the long term storage~ the biuret polyisocyanate 

is subjected to heat treatment before the storage. 

5 Specifically, in this method, the polyisooyanate is 

heated to increase the diisocyanate concentration 

thereof for the purpose of eliminating substances which 

cause the formation of a diisooyanate during the stora­

ge of the polyisocyanate, followed by removal of the 

10 d1isooyanate. 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 turb~dity of the polyisocya­

nate at low temperatures. Further, this patent docu-

15 ment has no teaching or suggestion about a method which 

not on1y enab1es a reduction in the urea dimer content 

of the poly~socyanate, but a1so prevents the disco1ora­

tion of the polyisocyanate. 

In general. a polyisocyanate is produced from a 

20 large excess of a diisocyanate. Therefore, for obtain­

~ng a polyisooyanate as a final product, a purification 

step for removing the unreacted d11socyanate 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 
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the poly~sooyanate, such as a low polarity solvent or a 

fluid 1n a critical state; however, in most cases, a 

wiped film evapo~ation ~a employed. By wiped film 

evaporation, the thermal history axperienced by the 

5 polyisocyanate can be suppressed, so that the heat de­

teriora t1on of the polyisocyanate is suppressed. 

There£ore, the wiped film evaporation is suitable for 

removing a di!socyanate {which is a low boiling point 

substance) from a polyisooyanate which has a high vis-

10 cosity. 

In the production of a polyisocyanate 1n which tne 

low boiling point substances (such as a di1socyanate} 

is evaporated and separated from a miXture of a poly-

is ocyanate and a diisooyanate 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 sub­

stance) may be oonta1ned in the separated low boi1ing 

point substances. This phenomenon is known as an ·en-

20 trainmentw. 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 di1socyanate, the viscosity of the 

polyisocyanate becomes disadvantageously high, so that 

25 it becomes necessary to change the conditions for pro-
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ducing the polyisocyanate. 

SUMMARY OF THE INVENTION 

In this situation# the present inventors have made 

s extensive and intensive studias with a viaw toward de-

velop1ng a biuret polyisocyanate which is free from 

discoloration and turbia1tY~ particularly the turbidity 

which occurs during the storage at 1ow temperatures. 

As a result, it has unexpeotedly been found that, when 

10 the content of an urea dimer (one 0£ the urea bond 

15 

-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-
. 

oom1ng turbid during the storage at low temperatures. 

~rther, the present inventors have ~ound that, 

when a biuret polyisocyanate is produced by a method in 

~hich a first reaction between a diisocyanate and a 

biuretizing agent is oonduoted to thereby obtain a fir-

st reaction m1xture, and then, after adjust1ng the un-

20 reacted diisocyanate concentration of the first reac-

25 

tion mixture to a level in the range of from 3 to 20 % 

by weight, the f~rst reaction mixture is subjected to a 

second reaction, the rate of the reduction of the urea 

dimer is improved. 

In addition, the present inventors have also found 
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that the presence of a gas dissolved in the reaction 

mixture is causative of the entrainment. 

The present invention has been completed, based on 

these novel findings. 

s Accordingly, it is an object of the present inven-

tion to provide a biuret polyisooyanate which is free 

£rom both discoloration and turbidity, and eXh~bits 

high stability at low temperatures. 

It is another object of the present invention to 

lo provide a process for efteot1veiy 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-

15 vantag~s of the present invent~on will be apparent from 

the following detailed description and appended cla.i.m.s1 

taken in connection with the accompanying drawing. 

20 

BRIEF DESCRIPTION OF THE DRAWING 

In the drawing: 

Fig. 1 is a diagram showing the system employed 

for producing a biuret polyisooyanate in Examples 4 and 

5, and Reference Examples 1 and 2. 

25 Description of Reference Numera1s 
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1~ Introduction pipe for a biuretizing agent 

2: Introduction pipe for a raw materia1 

3, 6: Agitator 

3A, 6A: Heating jacket 

41 First reaotor 

5, 8, l2t Pipe 

7: Second reactor 

9, 10, 11: Pipe reaotor 

9A1 lOA, llA: ;Jacket 

131 15, 17: Exhaust pipe 

14, 16, 18: Condenser 

19; Intermediate tank 

20: Degassing apparatus 

21, 24 t Wiped film evaporator 

22, 251 26: Withdrawal pipe 

23: Heating vessel 

DETAILED DESCRIPTION OF THE INVENTION 

According to the present invention. there is 

20 provided a biuret polyisooyanate obtained by reacting 

at least one diisocyanate selected from the group con­

sisting of an aliphatic diisocyanate and an a1icyclic 

diisooyanate with a biuretizing agent, 

the biuret po1yisocyanate having the f o1lowing 

25 characteristics (1) and (2): 
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(l) the biuret polyisocyanate contains urea bond 

-containing compounds including an urea dimer which are 

the intermediate products of the reaction between the 

di1socyanate and the biuretizing agent, wherein the 

5 urea di.Iner is represented by the following formula {I): 

10 

OCNR-NHCNH-RNCO 
H 
0 

(I) 

where1n, eaoh R independently represents an 

a1iphatic group or an alicycl~e group de~ived 

from the diisocyanate. and 

the biuret polyisocyanate has an urea dimer content cf 

15 not more than 0.5 ~ by weight, based on 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 

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 

25 

-containing compounds, based on the total area of all 

peaks. exolusive of a peak ascribed to the unreacted 

diisooyanate, in the gel permeation chromatogram.: and 

(2) the biuret polyisocyanate exhibits a transmit-

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

l. A biuret polyisocyanate obtained by reacting at 

least one diisocyanate selected from the group consist­

ing of an aliphatic diisocyanate and an alicyclic di-

lO isocyanate with a biuretizing agent, 

the biuret polyisooyanate having the following 

characterist~cs (1} and (2): 

(1) the biuret polyisocyanate contains urea bond 
' -containing compounds including an urea dimer which are 

15 the in~ermediate products of the reaction between tbe 

diisocyanate and the biuretizing agent, wherein the 

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

20 

25 

OCNR-NHCNH-RNCO 
II 
0 

(I) 

wherein, each R independently represents an 

aliphatic group or an alicyol!c group derived 

from the d~isocyanate, and 

the biuret polyisocyanate has an urea dimer content of 



.. 

m-

13 

not more than O.S *by weight. based on the total 

weight of the biurat polyisocyanate and the urea bond 

-containing compounds 1nclud1ng the urea dimer, wherein 

the urea dimer content ~s defined as the percent of the 

5 area of a peak ascribed to the urea dimer in a gel per­

meation chromatogram of the biuret polyisooyanate con­

tain1ng the unreaoted diisocyanate and the urea bond 

-containing compounds, based on the total area of all 

peaks, ~xclusive of a peak ascribed to the unreacted 

10 d1~sooyanate, in the gel permeation chromatogram; and 

15 

(2) the biuret polyisocyanate eXh~bits a transmit­

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

cell having a length of 2 cm. 

2. A .process for producing a biuret polyisooyanate. 

which comprises: 

(a) conducting a first reaction between at least 

one d~isocyanate selected from the group consisting of 

an a1iphatic diisooyanate and an al1cyclic 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 polyisocyanate: 

{b) adjusting the concentration of the unreacted 

25 diisooyanate in the first react~on m~xture to a 1ev&l 
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~n the range of from 3 to 20 % by weight, based on the 

total we1ght of the unreacted diisooyanate and the biu-

ret polyisocyanate: 

( c) heating the first reaction m1Xture. which has 

s been adjusted with respect to the unreacted diisocyana-

10 

15 

20 

25 

te concentration in step {b), at a temperature of from 

110 to 160 •c to thereby perform a second reaction, 

thus producing a biuret polyisocyanate having the fol-

lowing characteristics {1) and (2): 

(l) the biuret polyisocyanate contains urea 

bond-containing compounds including an urea 

dimer which are the 1ntermediate products of 

the first reaction, wherein the urea dimer is 

represented by the following formula (I}: 

OCNR-NHCNH-RNCO 
II 
0 

wherein, each R indepandently repre-

sents an aliphatic group or an ali­

cyclic group derived from the d1iso-

cyanate1 and 

the b~uret polyisooyanate has an urea dimer 

content Of not more than 0.5 % by weight~ 

(I) 

based on the total weight of the biuret po1y-
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isocyanate and the urea bond-containing com~ 

pounds 1nclud1ng the urea dimer, wherein the 

urea dimer content is defined as the peroant 

of the area of a peak ascribed to the urea 

dimer in a gel permeation chromatogram of the 

biuret polyisooyanate containing the unreact­

ed d1isocyanate and the urea bond-containing 

compounds, based on the total area of a1l 

peaks, exclusive of a peak ascribed to the 

unreacted diisocyanate, in the gel permeation 

chromatogram, and 

· (2) tha biuret polyisocyanate eXhib1ts a 

transmittance of at least 90 ' as measured at 

430 nm using a cell having a length of 2 cm; 

and 

( d) isolating the biuret polyisocyanate f.rom 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 di1socyanate from the 

second raact~on mixture. 

4. The process according to item 2 or 3# whe~ein the 

25 at l$ast one d~isocyanate is a hexamethylene-1.6-diiso-
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O.iisocyanate. 

5. The process according to any one of items 2 to 4, 

wherein the b1urstizing agent is water. 

6. The process according to ~tam 5; where~n. in step 

(a), the first reaction between the di1socyanate and 

water is performed in the presence of at least one sol-

vent selected from the group consisting of a compound 

10 rapresented by the following formula (II) and an alkyl 

phosphate: 

15 

20 

(II) 

wherein each of Rl and R2 independently rep­

resents an alkyl or an acyl group having 1 to 

4 carbon atoms, R3 represents a methy1 group 

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-

tura is performed by wiped film evaporation. 
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8. The process aceord1ng to item 7~ wherein the first 

reaction mixture is degassed before being subjected to 

w1ped film evaporation. 

9. The process according to any one of items 3 to 8, 

~hereln, in step (d), the removal of the unreacted di­

isocyanate from the second reaction mixture is per­

formed by wiped fil.m evaporation. 

10. The process according to item 9, wherein the sec­

ond reaction mixture is degassed before being subjeoted 

to the wiped film evaporation. 

15 11. The process according to any one of itams 2 to lO~ 

wherein step (a) comprises continuous1y conducting the 

following substeps (i) and (~1): 

{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 

(ii) feeding the intermediate reaction mixture to 

a pipe reactor to thereby conduct a further reaction 

25 between the diisocyanate and the b~uretizing agent in a 
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piston flow, thereby obtaining a first reaction mixture. 

Hereinbelow. the present invent~on will be de-

scribed in detaii. 

The poly1socyanate of the present invention is a 

biuret structure-containing polyisocyanate which is ob­

tained by reacting at least one diisocyanate selected 

from the group consisting of an aliphatic diisocyanate 

and an alicyclic di.isocyanate with a biuretizing agent. 

10 Illustratively stated~ the polyisooyanate of the p~e-

15 

sent invention is a polyisocyanate containing a biuret 

structure represented by the following formula! 

0 
II 

-NH-C-N-R-NCO 
I 
C=O 
k 
I 

In the present invention, suoh a biuret structure 

20 -containing poly1socyanate is referred to as a -biuret 

polyisocyanate~. The reaction between the diisocyanate 

and the b1uret1z1ng agent for obtaining the biuret 

polyisooyanate comprises a reaction between two ~socya-

nate groups and a biuretizing agent to form an urea 

25 bond, and a reaot~on between the formed urea bond and 
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an isocyanate group to form a biuret structure. There 

is no particular limitation with respect to the reac-

tion for forming an urea bond. As examples of such a 

reaction, there can be mentioned reactions represented 

s by the following formulae (al) to {as}~ 

10 

15 

20 

20CN-R-NCO + H20 ~ OCNR-NHCNH-RNCO + C02 
II 
0 

20CN-R-NCO + HCOOH-+ OCNR-NHCNH-RNCO +CO 
ll 
0 

20CN-R-NCO + (CH3 ) 3COH ~ OCNR-NHCNH-RNCO 
II 

. 0 

20CN-R-NCO + H
2
S ~ OCNR-NHCNH-RNCO +COS 

II 
0 

(al), 

(et.2), 

( a.3) I 

(a4), and 

20CN-R-NCO + CH
3
NHi ~ OCNR-NHCNH-RNCO + CH3NCO (as}. 

II 
0 

A urea bond-containing dimer of the diisocyanate, which 

25 is produced in the reactions shown above, is the •urea 
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di.merw represented by formula (!) above. The urea bond 

thus formed reacts with an isocyanate group; thereby 

forming a biuret structure. There is no particular 

limitat1on ~ith respect to the reaction for forming a 

5 biuret structure. As an example of such a reaction, 

10 

15 

there can be mentioned a reaction represented by the 

following formulae (~): 

OCN-R-NCO + OCNR-NHCNH-RNCO 
II 
0 0 

II 
OCN-R-NH-C-N-R-NCO 

I 
C=O 
I 
NH 
I 
R 
I 
NCO 

{~). 

The process for producing the biuret polyisocya~ 

nate involves not only the urea dimer-forming reaction, 

such as the reactions of formulae (al) to {aS) 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: 
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OCN+ R-NHCNH-R--};- NCO 
II 
0 

wherein n is an integer of 2 or more, 

and a compound having·a structure wherein at least one 

of the terminal isocyanate groups of the biuret poly-

isocyanate shown 1n formula (~) above is converted into 

an urea bond. 

It is known that the presence of the urea dimer in 

10 the biuret polyisocyanate is one of the causes of the 

turbidity of the biuret polyisocyanate, but the present 

invento~s have for the first time found that, by de-

creasing the urea dimer content of the biuret polyiso-
. 

cyanate. it becomes possible to prevent the biuret 

15 polyisqcyanate from becoming turbid during the storage 

at low temperatures (this occurrence of turbidity dur-

ing the storage at low temperatures has been considered 

to be due to the increase in the concentration of di-

isocyanate ~n the biuret polyisocyanate). The urea di-

20 mer oontent 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 t by weight. 

based on the total weight of the biuret poly~socyanate 

and the urea bond-containing compounds including the 

25 urea Climer. When the urea dimer content of the biuret 
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polyisocyanate exceeds O.S t by weight, the biuret 

polyisooyanate becomes turbid when it is stored at 

about 5 •c or less. 

The urea dimer content of the biuret polyisocya-

5 nate ~s defined as the percent of the a.J:ea of a peak 

ascr~bed to the uxea dimer in a gel permeation chroma-

togram of the biuret polyisocyanate containing the un-

reacted diisocyanate and the urea bond-containing com-

pounds, based on the total area of all pea~s, exclusive 

10 of a peak ascribed to the unreacted diisocyanate (and 

also exclusive of a peak ascribed to the reaction sol­

vent 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 polyisooyanate to gel permeation 

ohromatography under the conditions described in th~ 

Exampies of the present specification. 

Further, the biuret polyisocyanate 0£ the present 

20 inventlon exhibits a transmittance of at least 90 % as 

measured at 430 run using a cell having a iength of 2 cm. 

Such high transm~ttanee means that the biuret polyiso­

cyanate is not discolored. In a conventional method 

for producing a biuret polyisocyanate, a biuret poly-

25 isocyanate ~s heated for a iong time to prevent the 
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polyisooyanate from being turbid during the storage 

(especially. during the low temperature storage). so 

that the polyisocyanate is likely to suffer discolora­

tion. on the other hand, in the production of the biu-

5 ret polyisocyanate of the present invention, tha 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 polyisocyanate of the 

10 present invention exhibits high transmittance. 

W~th respect to the process for producing the biu­

ret po1yisooyanate of the present invention, it is 

pref erred to employ the process of the present inven­

tion. By the process of the present invention, it be-

15 comes P,oss1ble to produce a biuret polyisocyanate which 

is substantially free of not only the urea dim.er but 

also other urea bond-containing compounds and which ex­

hibits h1gh transmittance. Such a biuret polyisocyana­

te exhibits eJ(;oellent stability at low temperatures and 

20 is £ree from both discoloration and turbidity. 

The process of the present invention comprises the 

following steps (a), (b), (o) and (d}: 

(a) conduet~ng a f~rst reaction between at least 

one diisocyanate selected from the group consisting of 

25 an a1iphat~c d11socyanate and an alicyclic diisocyanate 
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and a biuret~zing 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 unreaoted diisocyanate and a biuret polyisocyanate; 

(b) adjusting the concentration of the unreacted 

diisocyanate in the first 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 biu-

ret poly1socyanate; 

(c) · heating the first reaction mixture, ~hich has 

been adjusted with respect to the unreacted diisocyana­

te concentration in step {b}, at a temperature of from 

110 to 160 •c to thereby perfo:rm a second reaction, 
. 

thus producing a biuret polyisooyanate of the present 

15 invent~on: and 

(d) isolating the biuret polyisocyanate from tha 

second reaction mixture obtained in step (o). 

The diisocyanate used as a raw material in the 

process of the present ~nvention is at least one diiso-

20 cyanate selected from the group consisting of an 

aliphatic diisocyanate and an alioyclic diisooyanate. 

As an aliphatic diisooyanate, a c4-c30 aliphatic diiso-

cyanate is preferrad, and as an alioyclic diisocyanate. 

a Ca-C30 al1oyol1c d11socyanate is preferred. Specific 

25 examp1es 0£ diisocyanates ino1ude tetrametbyiene-1,4 
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-diisooyanate, pentamethylene-1,5-diisooyanate, hexa­

methylene-1,6-diisocyanate, 2,2,4-trimethylhexa­

methylene-1,6-diisocyanate, lysine diisocyanate, iso­

phorone diisooyanate, 1,3-bis(isooyanatemethyl}cyclo-

5 hexane and 4., 4' -dieyclohexylmethane diisocyanate. Such 

diisocyanates can be used individually or in combina­

tion. Among them ... hexamethylene-l,o-diisocyanate 

(hereinbelow, frequently referred to simply as 11 HMDI .. } 

and isophorone diisooyanate (hereinbelow, frequently 

10 referred to simply as nIPDI"), whioh have been widely 

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

ferred. 

Examples of biuretizing agents used in the process 

of the present invention include water, a monovalent 

15 tertiax;y alcohol, formic ao~d, hydrogen sulfide, an or­

ganic primary monoamine and an organic primary diamine. 

Among them, water is pref erred 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 tox~o gas, a monoisocya­

nate and the like. 

In step (a) of the process Of the present inven­

tion, the diisocyanate and the buiret~zing agent. which 

are subjected to the first reaction, are used in a mo-

zs iar ratio (of the diisocyanate to the biuretizing 
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agent) of at least 4, preferably at least 5, and not 

more than 40, preferably not more than JO, more prefer­

ably not more than 20. When the molar ratio of the d1-

isocyanate to the biuretizing agent is less than 4, the 

5 viscosity of the produced polyisocyanate becomes disad­

vantageously high, and such a high viscosity polyiso-

cyanate cannot be used for obtaining an excellent coat­

ing oompositlon, and the like. Illustratively stated, 

a high viscosity polyisooyanate has a low oompatibility 

10 with a polyol (which is a main agent of a coating com­

position usi.ng a polyisocyariate as a curing agent), so 

that, when a coating composition is prepared using such 

a high viscosity polyisooyanate, the solids content of 
. 

the coating composition becomes low. When tbe molar 

15 ratio of the diisocyanate to the biuret1zing agent is 

more than 40, the yield of the polyisooyanate is low­

ered, which is disadvantageous from the viewpoint of 

productivity and economy. 

In tha procass of the present invention, when wa-

20 ter is used as a b1uretiz1ng agent, it is 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 

diisooyanate and water, since a homogenous reaction 

25 system can be obtained under reaction conditions usea 
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in the process of the present invention, so that the 

formation 0£ by-products, such as u~en bond-oQntaining 

compounds, oan be suppressed. Therefore, when a sol­

vent is used in step (a), it is preferred that the so1-

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 solubi1ity of water (as a biure­

tiz~ng agent} in the solvent is 0.5 % by weight or more. 

10 When the solubility of water is lower than 0.5 t 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 

v~ewpo1nt of ease in separating and recovering the un-

reacted diisocyanate, it is preferred that the boiling 

point of the sol~ent 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 fol1ow1ng formula (II) and an alkyl phosphate: 
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(II) 

wherein each of Rl and R2 independently rep­

resents an alkyl or an acyl group having 1 to 

4 carbon atoms, Rl represents a methyl group 

or a hydrogen atom. and n represents an inte-

ger of l or 2. 

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 hydrophi.lic, so they can be favorably used in a re­

action systero. where the biuretiz1ng agent is water. 

Examples of compounds Tepresented by formula (II) 

above include compounds which ara used as ethylene gly-

co1-type solvents and compounds which are used as pro-

pylene g1yco1-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 mono1sopropyl ether acetate, ethylene glycol 

mono-n-butyl ether acetate, ethylene glycoi diacetate, 

ethylene glycol dimethyl ether, ethylene glycol diethyi 

25 ether, ethylene glycol d1-n-propyl ether, ethylene gly­

col diisopropyl ethar, ethylene glycol di-n-butyl ether, 
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ethylene glycol methyl ethyl ether, ethylene glycol 

methyl isopropyl ether, ethylene glycol methyl n-outyl 

ether* ethylene glycol ethyl n-propyl ether. ethylene 

glycol ethyl isopropyl ether, ethylene glycol ethyl 

S n-butyl ether, ethylene glycol n-propyl n-butyl ether# 

ethylene g1ycol isopropyl n-butyl ether, diethylene 

glycol monomethyl ether acetate, d1ethylene glycol 

monoethyl ether acetate, d~ethylene glycol mono-n 

-propyl ether acetate, diethylene glycol monoisopropyl 

10 ether acetate, diethylene glycol mono-n-butyl ether 

acetate, diethylene glycol diacetate, diethylene glycol 

dimethyl ether, diethylene glycol diethyl ether, di-

' ethylene glycol di-n-propy1 ether, d1etbylene glycoi 

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

15 diethy~ene glycol methyl ethyl ether, diethylene glycol 

methyl isopropyl ether, diethylene glycol methyl 

n-propyl ather1 diethylene glycol methyl n-butyl ether, 

diethylene glycol ethyl isopropy1 ether, diethylene 

glycol ethyl n-propyl ether, diethylene glycol ethyl 

20 n-butyl ether, diethylene glycol n-propyl n-butyl ather. 

and diethylene glycol isopropyl n-butyl ether. Among 

these compounds, preferred are ethylene glycol mono­

methyl ether acetate1 ethylene glycol monoethyl ether 

acetate. ethylene glycol diaoetate, and diethylene gly-

25 eoi dimethyl ether. 
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Examples of propylene glycol-type solvents include 

propylene glycol monomethyl ether acetate, propylene 

glycol monoethyl ether acetate, propylene glycol mono 

-n-propyl ether acetate1 propylene glycol monoisopropyl 

5 ether acetate, propylene glycol mono-n-butyl ether ace­

tate, propylene glycol diacetate. 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-

lO col methyl ethyl ether, propylene glycol methyl isopro­

pyl ether, propylene glycol.methyl n-butyl ether, pro­

pylene glycol ethyl n-propy1 ether. propylene glycol 

ethyl isopropyl ether, propylene glycol ethyl n-butyl 
-

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

15 ne gly~ol. isopropyl n-butyl ether, dipropylene glycol 

monomethyl ether acetate, dipropylene glycol monoethyl 

ether acetate, di.propylene glycol mono-n-propyl ether 

acetate, d~propylene glycol monoisopropyl ether acetate. 

dipropylene glycol mono-n-butyl ether acetate, dipropyl-

20 ene glycol d~acstate, 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 1sopropyl 

25 ether. dipropylene g1yco1 methyl n-propyl ether. dipro-
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pylene glycol methyl n-butyl ether, dipropylene glycol 

ethyl isopropyl ether, dipropylene glycol ethyl n-propyl 

ether, d~propylene glycol ethyi n-butyl ethe~, dipropy1 

ene g1yco1 n-propy1 n-buty1 ether and dipropylene glycol 

5 isopropyl n-butyl ether. Among these compounds, prefer­

red are propylene glycol monomethyl ether acetate, pro­

pylene 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, 

pref erred are trimethyl phosphate and triethyl phos-

phate. 
. 

The above-mentioned solvents can be used individu-

15 ally o~ in combination. From the viewpoint of sup­

pressing the increase .1n the diisooyanate concentration 

of the obtained polyisocyanate during the long term 

storage. the use of a miXed solvent is preferred in the 

process of the present invent~on. Specifically, when 

20 an ethy1ene 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. It 

1s preferred that a mixed solvent as mentioned above is 

25 used in an amount of from 20 to 50 % by weight1 based 
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on the total weight of the diisocyanate as a raw mate­

rial and the mixed solvent. 

In the process of the present invention, an 

OH-acidic compound, such as di{2-ethy1hexyl) phosphate 

s described in Unexamined Japanese Patent Appllcation 

Laid-Open Spec1f1cat~on No. 8~225511 (corresponding to 

U.S. Patent No. 5*6411851), may be added to the reac­

tion system. When an OH-acidic compound is added to 

the reaction system, the rate of the biuretizing reac-

10 tion is increased, and 1t becomes possible to suppress 

the increase in the diisocyanate concentration of the 

polyisocyanate during the long term storage. 

rn step (a) of the process of the present inven­

tion, the first reaction is conducted between a diiso-

15 cyanat~ and a biuretizing agent, thereby obtaining a 

f~rst reaction mixture oonta~ning the unreacted diiso­

cyanate and a biuret polyisocyanate. In the first re­

action, the urea bond-containing co~pounds including 

the urea dimer are £o:rmed by the reaction between the 

20 isocyanate group of the diisocyanate and the biuretiz­

ing agent, and in turn the urea bonds in the u~ea 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 obtain~ng a biuret po1y1socyanate. It is p~eferred 
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that the first reaction is conducted at a temperature 

of from 70 to 200 •c, more preferably from 90 to 180 •c. 

When the first reaction is conducted at a temperature 

lower than 70 •c, it becomes difficult to advance the 

5 above-mentioned reaction. on the other hand, when the 

f 1rst reaction is conducted at a temperature higher 

than 200 "C, the polyisooyanate is 1ike1y to suffer 

discoloration. 

The f 1rst reaction between the diisocyanate and 

10 the biuretizing agent in step (a) may be performed in 

either a batchwise manner or a continuous manner. How~ 

ever, from the viewpoint of productivity and the like. 

it is preferred to conduct the first reaction in a con­

tinuous manner. Specificaliy, it is preferred that 

15 step {a) is pe~formed by the continuous method deM 

soribed in Examined Japanese Patant Application PUbl1-

cation No. 62-41496, which comprises continuously con­

ducting the following substeps {i) and (ii): 

(i) ag1tat1ng a mixture of a diisocyanate and a 

20 b~uretizing agent to conduct a reaction between the di­

isocyanate and the b1uretizing agent in a homogeneous · 

system of the mixture, thereby obtaining an intermedi­

ate reaction mixture; and 

(11) feeding the intermediate reaction mixture to 

25 a pipe reactor to thereby conduct a further reaction 
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between the diisooyanate 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 flow, the whole of the reaction mixture 

s resides in the pipe reaotor, and thus. the urea bond 

-containing compounds easily react with the isocyanate 

groups. As a result, the content of the urea bond 

-contain~ng compounds can be remarkably decreased. 

The reaction in substep (i} can be conducted using, 

10 for example, an agitation ~essel-type reactor, under 

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 {tbat 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 S m/hr, preferably o.s to 2 m/br. 

In step (b} of the process of the present inven-

20 tion, the coneentration of the unreaoted d1isocyanate 

in the first reaction mixture obtained in step (a) is 

adjusted to a specific level. The unreacted diisocya­

nate concentration is the amount (i by weight) of the 

unreacted diisooyanate, based on the total weight of 

2S the unreacted d~isocyanate and the polyisocyanate 
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(which contains the urea bond-containing compounds in­

cluding the urea dimer). Step (b) is conducted so as 

to adjust the un~eacted diisocyanate concentration of 

the first reaction mixture to a level in the range of 

s from 3 to 20 t by we~9ht1 preferably 3 to 15 % by 

weight. more preferably 3 to 10 % by weight. When the 

diisocyanate oonoentration is outside the above 

-mentioned range, the rate of the reduction of the urea 

d1mer is 1owered in the second reaction conducted in 

lO the subsequent step (c). The process of the present 

invention has been developed, based on a surprising 

flnding that the rate of the reduction of the urea di­

mer increases when the second reaction is conducted in 

a react~on system where the unreacted diisocyanate con· 

15 centration is in the above-mentioned specif1c range. 

As explained in detail above, the urea bond in the urea 

d.1mer 1s 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 genera1, it was oonventionally 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 uraa dimer content of a 

polyisocyanate can be rapidly reduced when the reaction 

25 is conducted in a reaction system having a high unre-
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acted diisooyanate eoncentratlon. However, according 

to the studies of the present inventors, it has been 

found that, in the reaction system having a low unre­

acted diisocyanate concentration of from 3 to 20 % by 

s weight, the rate of the reduction of the urea dimer is 

high. as compared to that in the reaction system having 

a high unreacted diisocyanate concentration exceeding 

20 % by weight. 

In general, since the first react1on mixture con-

lO tains a iarge amount of the unreacted diisocyanate, an 

excess of the unreacted diisocyanate is removed from 

the first reaction mixture. However, when the unreact­

ed d1isooyanate concentration of the first reaction 

mixture 1$ lower than the above-mentioned range, a di~ 

15 isocya~ate is added to the first reaotion mixture, 

thereby adjusting the unreacted diisocyanate concentra­

tion of the reaction mixture to a desired level. The 

removal of the unreacted d11sooyanate for the adjust­

ment of the unreacted d1isocyanate concentration of the 

20 first reaction m1xture can be performed by extraction 

with a poor solvent for the poly1socyanate, such as a 

low polar1ty solvent or a fluid in a critical state, or 

by distillation. However, in the process of the pre­

sent invention, it is preferred that the removal of the 

l5 unreacted d~isocyanate 1s performed by distiilation by 
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means of wiped ~ilm evaporation. In tha wiped film 

evaporation, the contents in the evaporator are forci-

bly treated so as to form a thin film, thereby facil1-

tating the evaporation of the diisocyanate (which has a 

s low boilj_ng point), so that the diisooyanate can beef­

ficient1y separated from the polyisocyanate. 

In the process of the p~asent invention, it is 

pref e~red that the first reaction miXture is degassed 

before be~ng subjecting to the wiped film e~aporation. 

10 When the polyisocyanate is produced using water as a 

biuretizing agent, carbon dioxide (COz) gas is generat­

ed as a by-product gas. conventionally, the co2 gas 

was considered to be substantially insoiuble in the re-. 
action mixture, but actually, a part of the by-produced 

15 C02 ga~ is dissolved in the reaction miXture. The 

amount of the gas dissolved in the reaction mixture 

varies depending on the reaction conditions, but 1s 

generally 1n the range of from 0.05 to 0.4 Nrnl/ml 

(wherein ftNml 0 means ml as measured under the normal 

20 temperature and pressure conditions (O •c, l atm)). 

When the f~rst reaction mixture containing the gas dis-

so1ved therein is fed to the wiped f1lm evaporator whi­

ch is operated under a vacuum condition, the following 

unfavorable phenomenon occurs. The gas dissolved in 

25 the first react~on mixture vaporizes and expands ~n the 
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wiped film evaporator and causes a part of the first 

reaction mixture to be scattered onto a cooling appara­

tus (used for condensing a vapor composed of the unre­

acted diisocyanate). The thus scattered first reaction 

5 mixture adheres to the cooling apparatns. When the 

separation and recovery of the unreacted diisocyanate 

is performed using suoh a cooling apparatus~ the ad­

hered £irst reaction mixture is caused to be mixed with 

.the recovered unreacted d11sooyanate. This phenomenon 

10 markedly occurs when the amount of the first reaction 

mi~ture fed to the wiped film evaporator is large, 

leading to a lowering of the yield of the b1uret poly­

isocyanate to disadvantage. In addition, the biuret 

polyisocyanate contained 1n the recovered diisooyanate 

15 causes _the polyisocyanate prepared from the recovered 

diisocyanate to have a high viscosity, thereby unfavor­

ably affecting the phys1cal properties of the polyiso­

cyanate. 

The above-mentioned unfavorable phenomenon also 

20 markedly occurs during the reaction for producing the 

biurat 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 diisooyanate varies depending on the reaction 
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conditions, but may sometimes be as much as several 

weight percent, based on the weight of the recovered 

diisocyanate. 

In a preferred mode of the process of the present 

s invention, in view of the above-mentioned finding about 

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

reaction mixtlll:'e 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 poly~socyanate into the recovered diisocyanate. The 

degassing of the first reaction mixture can be per­

formed. for example, by the follO'W'ing method. The sys­

tem used for the production of the polyisocyanate is 

provided with a degassing apparatus having the same 

15 deg~ee .of vacuum as 1.n the wiped film evaporator. The 

first reaction mixture is fed to the degass.in.g appara­

tus at the upper portion thereof k so that the first re­

act~on mixture is degassed as it falls from the upper 

portion of the degass1ng 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 liqu~d phase at the lower portion of the degassing 

apparatus, the liquid phase becomes foandng at the sur­

face thereof. so that the first reaction mixture is de-

25 gassed. In th~s method. it is not preferred to £eed 
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the £~rct reaot~Qn mixture directly to the lower par-

t1on of the degassing apparatus oonta1.ning the liquid 

phase, since the degassing of the first reaction mi:X­

ture may become incomplete. The degassing apparatus 

may be eguipped with a stirrer. However. since the de-

gassing apparatus is operated under vacuum conditions, 

the structure of the degassing apparatus becomes com­

plicated when it is equipped with a stirrer. Therefore. 

the use of such a complicated apparatus may increase a 

lO oost. 

It is preferred that the temperature of· the first 

reaction m~xture to be subjected to the wiped film 

evaporatlon ~s not higher than the boiling point of the 
-

first reaction m~xture. When the temperature of the 

15 first ~eaction mixture is higher than the boiling point 

of the first reaction mixture, an unfavorable entrain-

ment is 11ke1y to occur when it is fed to the wiped 

film evaporator. 

The r&moval of the diisooyanate from the first re· 

20 action m.ixture 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 conduct­

ed in two stages, the degassing of the first reaction 

25 m~xture can be per£o:rmed pr~or to each stage. 
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In step {o) of the process of the present inven­

tion; 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 

s the biuret polyisocyanate of tha present invention. In 

the second reaction, the urea dimer formed in the first 

reaction 1s reacted with the isocyanate group to con­

vert the urea bond into the biuret structure, thereby 

eliminating the urea dimer. In step (c), the first re-

10 action mixture wh~ch has been adjusted with respect to 

the unreacted diisocyanate concentration is heated at 

llO to 160 °c. preferably 110 to 140 °C. When the re­

action temperature is iower than llO 0 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 po1y1sooyanate ~s likely to suffer 

discoloration. The heating in step (c) is conducted so 

that the urea dimer content of the resultant biuret 

po1yisooyanate becomes not more than 0.5 t by weight, 

20 but it is important that the heating is conducted so 

that the b1uret po1yisocyanate also exhibits a trans­

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

oell having a length of 2 cm. When the transmittance 

is less than 90 %, this means that the final polyiso-

25 oyanate ~s discolored. In order to obtain a biuret 
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polyisocyanate which exhibits a transmittance of at 

least 90 *· the heating is conducted at a temperatura 

within the above-mentioned range for 5 to 90 minutes, 

preferably 5 to 60 minutes, more preferably 5 to 30 

s minutes. When the heating time is shorter than the 

above-mentioned range, the reduction of the urea dimer 

becomes unsatisfactory. When the heating t:i.me is lon-

ger than the above-mentioned range, the transmittance 

of the biuret polyisooyanate is lowered and, hence, the 

10 biuret po.lyisooyanate suffers discoloration. 

Step (c) can be conducted in either a batchwise 

manner or a continuous manner. Since the reduction of 

tbe 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 reaction time employed in 

step (c) 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 pref erred that the isolation of the biuret poly­

isocyanate is performed by removing the unreacted di­

isocyanate from the second reaction mixture. The remo-

val of the unreacted di1socyanate in step (d) can be 

25 per£ormed by extraction with a poor solvent for the 
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polyisocyanate, such as a low polarity solvent or a 

fluid in a critical state, or by distillation, but it 

1s pref erred to remove the unreacted diisocyanate by 

w~ped £i1m evaporation in the same manner as described 

s 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 for produc-

ing the biuret polyisocyanate in a continuous manner 

is described in detail below, referring to the system 

shown in Fig. l. 

In the production of a biuret polyisocyanate using 

15 the sy~tem 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 feeding of the feedstock, a biuratizing agant .is 

continuously fed to first reactor 4 through inlet 

20 pipe 1 at a constant flow rate. First reactor 4 is a 

comp1ete mixing-type agitation vessel equipped with 

agitator 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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reaction is removed through exhaust pipe 13 and con­

denser 14. The first intermediate reaction mixture is 

fed to second reactor 7 through pipe 5. Second reactor 

7 is also a complete mixing-type agitation vessel 

5 equipped with agitator 6 and heating jacket 6A. A fur-

thar reaction is conducted in second reactor 7, thereby 

obtaining a second intermediate reaction miXture, and 

the gas generated during the reaction is removed 

through exhaust pipe 15 and condenser 16 (corresponding 

10 to substep (1) of step (a)). The second intermediate 

reaction mixture is fed through pipe s to a serially 

connected pipe reactors 9, 10 and 11. Pipe reactors 9. 

10 and 11 are equipped with jackets 9A, lOA and llA • 
. 

respectively. Still a further reaction is conducted in 

15 the piP,e 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 cond&nser 18. The 

first reao~ion mixture is continuously withdrawn from 

20 the pipe reactors and ls introduced into intermediate 

tank 19 through pipe 12. Next, the first reaet1on m1x-

ture is fed to degassing apparatus 20 to degas the fir-

st reaction mixture. The degassed first reaction mix-

ture is fed to wiped film evaporator 21, in which the 

25 unreacted di~sooyanate concentration in the first reac-
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tion mixture is adjusted (corresponding to step (b)). 

The unreacted diisocyanate which is removed to adjust 

the unreacted diisocyanate concentration of the first 

reaction mi.Xture is recovered through withdrawal 

5 pipe 22, and the first reaction mixture which has been 

adjusted with respect to the unreacted diisocyanate 

concentration is fed to heating vessei 23. In heating 

vessel 23, the first reaction mixture is heated to per­

form a second reaction, to thereby obtain a second re-

10 act~on mixture (corresponding to step (c)}. suose­

qusntly, the second reaction mixture is fed to wiped 

fil.tn evaporator 24, 1n which the unreacted diisocyanate 

in the second reaction mixture is removed through with­

drawal pipe 25~ to thereby isolate the biuret polyiso-

15 cyanat~ from the second reaction mixture. The isolated 

b1uret 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 

0£ the turbidity of the biuret polyisooyanate, which 

occurs during the storage at low temperatures), but al­

so is colorless, transparent. Specifically, the urea 

dimer content of the biuret polyisocyanate is not more 

25 than o.s % by weight, preferably not more than 0,3 t by 
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weight, and the transm~ttance of the biuret polyisocya­

nate is at least 90 %. In addition, the biuret poly­

isocyanate obtained by the process of the present in­

vention oonta:i.ns substantially no diisocyanate. and 

s general1y, has an unreacted diisocyanate concentration 

of not more than 5 % by weight. preferably not more 

than 2 t by weight, more preferably not more than 1 % 

by W'eight ... With respect to the biuret polyisocyanate, 

the isocyanate group content is generally 3 to 25 t by 

10 weight: the number average moiecular weight is gener­

ally 550 to 1000; and the viscosity is generally 500 to 

so,ooo mPa·s at 25 •c. 
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BEST MODE FO:R CARRYING OUT THE INVENTION 

Hereinbelow, the present 1nvention will be de­

scr1bed in more detail with reference to the following 

Examples, Comparative Examples and Reference Examples, 

5 but they should not be construed as limiting the scope 

of the present invention. 

In the following Examples, Comparative Examples 

and Reference Examples. various properties were meas-

10 ured as follows. 

(1) Urea dim&r contenti 

The urea Climer content of a biuret polyisocyanate 

is defined as the amount (% by weight) of an urea dimer 

15 repres~nted by formula (I) above, based on the total 

weight of the biuret poly1socyanata and the urea bond 

-containing compounds including the urea dimer. 

'A: sample o~ a biuret po1y~socyanate for the meas­

urement of the urea dimer content thereof is prepared 

20 by di.ssolving the biuret polyisocyanate in tetrahydro­

furan (THF) so that the final concentration of the biu­

ret polyisocyanate in THF becomes o.s t by we1ght. For 

measurement of tbe urea di.mer content of a biuret poiy· 

isocyanate in a reaction mixture, the reaction mi.Xture 

25 as such is used as a sample. 
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The samp1e of a biuret poly1sooyanate is subjected 

to gel pexnteation chromatography (GPC) under conditions 

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 di.isocyanate is hexa­

methylene-1-6-diisocyanate (HMDI)), based on the total 

area of all peaks, exclusive of a peak ascribed to the 

10 unreaoted diisocyanate in the obtained chromatogram. 

GPC was conduct~d under the following conditions: 

Chromatoprocessor: HLC-8120GPC (manufactured and 

sold by TOSOH Corporation, Japan). 

Co1umns: TSKgel Super HlOOO. TSKgel Super H2000 and 

15 TSKgel Super H3000 (each of which is manufac­

tured and sold by TOSOH Corporation, Japan), 

connected in series. 

20 

Carrier: THF (fl.ow rate t o • 6 ml./min} , and 

Detector: re~raotive index deteotor. 

(2) Transmittance! 

The transmittance of a biuret poly1socyanate is 

measu~ed by means of a visible and UV spectrophotometer 

(·UV-160•, manufactured and sold by Shimadzu Corpora~ 

25 tion, Japan) at 430 run, using a cell having a length of 
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2 cm. 

(3) Unreacted di.isocyanate concentration: 

The unreacted d11socyanate concentration of a re-

5 action mixture or a biuret polyisooyanate is defined as 

lo 

the amount (% by weight) of unreacted diisocyanate, 

based on the total weight of the unreacted diisocyanate 

and the biuret polyisocyanate (containing urea bond 

~conta1ning compounds including the urea dimer}. 

A sample of the reaction mixture or biuret poly-

isocyanate is prepared in substantialiy the same manner 

as described 1n it~ {l) above. The sample of the re-

action mixture or polyisocyanate is subjected to GPC 
. 

under the conditions as described in item (l) above, 

15 thereby obtaining a chromatogram. The d1isocyanate 

concentration is determined as the percent of the area 

of a peak ascribed to the d1isocyanate (i.e •• a peak 

having a retention time corresponding to the molecular 

weight of 168 when the diisocyanate is HMDI), based on 

20 the tota1 area of all peaks in the obtained chroma-

tog:ram. 

( 4 ) Number average molecular weight i 

A sample of a polyisocyanate for the measurement 

25 of the number average molecuiar weight thereo£ is pre-
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pared by dissolving the biuret polyisocyanate in tetra~ 

hyd.rofuran (THF) so that the final concentration of the 

polyisooyanate in THF becomes 0.25 t by weight. The 

prepared sample is subjected to GPC to thereby deter-

s mine the number average molecular W'Si.ght thereof. The 

GPC is conducted under the conditions as described in 

item (1) above. 

C 5) Isocyanata group content: 

10 The·isocyanate group content is de£1ned as the 

content (t by weight} of isocyanate groups in a biuret 

polyisooyanate. 

For measuring the isocyanate group content, 5 to 

10 g of a biuret polyisocyanate is accurately weighed 

15 and us~d as a sampl.e. 20 ml of toJ.uene and 20 ml of a 

2 N solution of n-dibutylamine in toluene are added to 

the b1uret 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 titrat~on by means of an automatic titration appa­

ratus (model APB-410, manufactured and sold by KYOTO 

DENSHI Co., Ltd., Japan} using l N hydrochloric acid. 

The volume of 1 N hydrochloric acid necessary for neu-

2s tral1z1ng the unreacted n-d1butylamine 1n tne reaction 
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mixture (i.e .• titer of sample titration) is determined. 

In addition, titration is conducted in substan­

tially the same manner as mentioned above, except that 

the biuret polyisocyanata is not used. The volume of 

5 1 N hydroehlorio aoid necessary for neutralizing the 

unreacted n-dibutylamine in the reaction mixture (i.e., 

t1ter of blank titration) was determined. 

The amount of isocyanate groups is determined in 

aocordance with the formula below: 

10 The isocyanate group content (% by weight} = 

((titer (ml) of blank titration} - {titer (ml) 

0£ sample titration) x 42 / [we~ght (g) of sam­

ple x 1,000] x 100. 

15 (6) Vi_soosity: 

20 

The viscosity of a biuret polyisocyanate is meas­

ured using an E-type viscometer (model VISCONIC ED, 

manufactured and sold by TOK!MEC co., Ltd., Japan) at 

25 .. c. 

(7) Storage stability of a biuret po1yisocyanate at 

5 '"C: 

A biuret polyisocyanate is placed in a colorless, 

transparent glass container and tightly sealed after 

. 25 purging the container w~th nitrogen gas. The resultant 
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glass container is plaoed at 5 vc for 1 day. The biu­

ret polyisocyanate in the glass container is examined 

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-

10 amethylene-1;6-diisocyanate (HMDI), a mixed solvent of 

150 parts by we~ght of trimethyl phosphate and 150 

parts by weight of methyl cel1osolve acetate, and 15 

parts by weight of water as a b1uretiz~ng agent (molar 

ratio of HMOI/water = 5/l) were charged to the flask. 

15 The resu1tant mi.ltture was stirred for l hour while 

maintaining a temperature of the flask at l60 •c, to 

thereby effect a first reaction. The unreacted diiso­

cyanate concentration o~ the first reaction mixture was 

65 rt by weight. 

20 In order to adjust the unreacted diisocyanate con-

centration of the first reaction mixture, the first re­

action mixture was fed into a wiped film evaporator at 

a feeding rate of soo g/hr, and subjeoted to wiped film 

evaporation at 160 ec and under a degree of vacuum of 

25 655 Pa. As a result, the unreacted diisocyanate con-



5 

53 

centration of the first reaction mixture became 5 t by 

weight. The urea dimer content and transmittance of 

the b1uret polyisocyanate in the first reaction mixture 

were 1.5 % by weight and 94 t. respectively. 

The first reaction miXture, which had been adjust-

ed with respect to the unreacted d1isocyanate concen-

tration, was heated in a nitrogen atmosphere at a tern-

perature of 140 "C for 30 minutes, to thereby perform 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 %. 

Subsequentiy. the second reaction mixture was fed 

to a wiped film evaporator-(degrae of vacuum: 67 Pa, 

15 temper~ture: 160 ac) to thereby isolate a-biuret poly­

isocyanate therefrom by removing the unreacted diiso-

cyanate in the second reaction mixture. With respect 

to the isolated biuret po1yisocyanate, the number aver­

age molecular weight was 6901 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 tnPa·s at 25 "C, respectively. Fur-

25 ther, the b~uret polyisocyanate did not oeoome turbid 
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even after being subjected to storage stability testing 

at 5 ° C. 

Example 2 

A first reaction was effected in substantially the 

same manner as 1n 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 HMoI/water = 8/1). 

The unreacted d11sooyanate concentration of the first 

10 reaot~on ·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 conditions as in Example 1. 

15 As a r~sult, the unreacted diisocyanate concentration 

of the first reaction mixture beoame 4 t by weight. 

20 

The urea dimer content and transmittance of the biuret 

polyisocyanate in the first reaction mixture were 1.1 t 

by weight and 95 %, respeotive1y. 

The first reaction mixture, which had been adjust-

ed with respect to the unreacted d11sooyanate 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-

2s cyanate ~n the second reaction mixture, the urea d~mer 
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content was not more than 0.2 % by weight and the 

transm.1.ttance was 95 t. 

SubseqUent1y 1 the seoond reaction m~xture was sub­

jected to wiped tilm evaporation to thereby isolate a 

5 biuret po1yisocyanate therefrom by removing the unre~ 

acted diisocyanate in the second reaction mixture. 

With respect to the isolated b1uret polyisocyanate. the 

number average mo1ecular weight was 6351 the isocyanate 

group content was 23.8 % by weight; the unreacted di-

10 isocyanate ooncentrat1on was 0.3 % 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 l,600 mPa•s at 25 •c, respec­

tiyely. Further, the biuret polyisocyanate did not be-

15 come t~rbid even after being subjected to storage sta­

bility testing at 5 •c. 

Example 3 

A f 1rst reaction was effected in substantially the 

20 same manner as 1n Example 2. The unreacted diisocyana­

te concentration of the first reaction mixture was 70 t 

by \tleight. 

The first reaction mixture was subjected to wiped 

film evaporation under substantially the same condi-

2s t1ons as 1n Examp1e 2, fo1iowed by add1ng Fl.MDI to the 
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first reaotion mixture, thereby adjusting the unreactad 

d1~socyanate concentra~1on of the ~i~st recction mixtu-

re to 10 ~ by weight. 

The first react~on mixture, which had been adjust-

5 ed with' respect to the unreacted diisocyanate concen­

tration, was heated in a nitrogen atmosphere at a tem-

parature 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 

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

transrnittanoe was 95 %. 

Subsequently, the second reaction mixture was sub-

jected to wiped film evaporation to thereby isolate a 
. 

biuret poly~socyanate therefrom by removing the unre-

15 acted qiisocyanate in the second reaction mixture. 

With respect to the isolated b1uret polyisocyanate. the 

number a~erage molecu1ar weight was 635; the isocyanate 

group content was 23.7 % by weight; the unreacted di­

isocyanate concentration was 0.3 % by weight; and the 

20 urea dime~ content was not more than 0.2 % by weight. 

The transmittance and viscosity of the biuret polyiso-

cyanate were 94 t and 1,600 mPa·s at 25 °c. respec­

tively. ~urther. the biuret poly1sooyanate did not be­

come turbid even after being subjected to storage sta-

25 bility testing at 5 °c. 
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Comparative ExamRle 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, theraby adjusting the unreacted 

diisocyanate concentration of the first reaction mixtu­

re to 50 t by weight. 

The first react1on mixture, which had been adjust­

ed with respect to the unreacted di1socyanate concen-

15 tration# was heated i.n a nitrogen atmosphare at a tem­

perature of 125 • C for 30 minutes. to thereby perform a 

second reaction. With respect to the b1uret polyiso­

cyanate in the second reaction mixture, the urea di.mer 

content was 0.5 % by weight and the transmittance was 

20 95 %. 

Subsequently. tne 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 molaoular weight was 635i the isocyanate 

group content was 23.8 t by weight: the unreacted di-

1sooyanate conoentration 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 11 600 mPa Is at 25 • c. respectively. However r 

the biuret polyisooyanate became turbid after being 

subjected to storage stability testing at 5 •c. 

10 Comparative Example 2 

A first reaction was effected in substantial1y the 

same manner as ~n :&Jcample 2. The unreacted diisocyana­

te concentration of the first reaction mixture was 70 % 

by we.1.ght-

15 In order to adjust the unreacted diisooyanate 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 w1th respect to the unreacted diisocyanate concen­

tration. was heated in a nitrogen atmosphere at a tem­

perature of 100 ac for 15 minutes1 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 weight and the transmittance was 



.-""':·-~ 

59 

95 %'. 

Subsequently, the second reaction mixture was sub· 

jected to w1ped 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 b1uret polyisocyanate, the 

number average molecular weight was 635; the isocyanate 

group content was 23.8 % by weight; the unreacted di-

1socyanate concentration was o.3 t by weight; and the 

10 urea dimer content was 0.8 % by weight. The transmit­

tance and viscosity of the biuret polyisocyanate were 

15 

95 t and 1,600 mPa·s at 25 °C, respectively. However, 

the biuret polyisooyanate became turbid after be~ng 
. 

subjected to storage stability testing at 5 •c. 

Comparative Example 3 

A first reaction was effeoted in substantially the 

same manner as in Example 2. '!'he unreacted diisocyana-

te concentration of the first reaction mixture was 70 % 

20 by we~ght. 

25 

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 fi.rst reaction mi~ture, wh~oh had been adjust-
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ed with respect to the unreacted diisocyanate concen­

tration. was heated in a n~trogen atmosphere at a tem­

perature of 150 °c for 120 minutes, to thereby perfonn 

a second reaction. With respect to the biuret polyiso-

5 cyanate in the second reaction mixture, the urea dimer 

content 1111as not more than 0.2 ~ by weight and the 

transmittance was 88 t. 

Subsequently, the second reaction mixtur& was sub­

jected to wiped film evaporation to thereby isolate a 

10 biuret polyisocyanate there~rom 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 t by weight: the unreacted di-

15 1socy~ate concentration was o.3 ~ by weight} and the 

urea d1mer content was not more than 0.2 % by weight. 

The v~scosity of the biuret po1yisocyanate 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 

transm.1.ttance of the b1uret polyisooyanate was 87 t, 

that is, the biuret poly~sooyanate suffered discolora­

tion. 

25 Comparat;tve Example 4 
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A f1ask provided with a stirrer, a thermometer, a 

reflux condenser and a n~trogen gas feeding pipe was 

purged with nitrogen gas. 700 Parts by weight of HMDI, 

a mixed solvent of 150 parts by weight of trimethyl 

5 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 ~esultant mixture was stir­

red for 1 hour while maintaining a temperature of the 

10 fiask at·150 ~c, to thereby eff~ct a first reaction. 

The unreacted diisocyanate concentration of the first 

reaction m.iXture was 65 t by weight. 

In order to adjust the unreacted d1isocyanate con-
. 

centration of the first reaction mixture, the first re-

15 actLon ,mixture was fed into a Wiped film evaporator at 

a £eed~ng rate of 500 g/hr, and subjected to wiped film 

evaporation at 160 '"C and unde:r a degree of vacuum of 

655 Pa1 and then, at 160 •c and under a degree of vae-

uum of 67 Pa. As a result, the unreacted diisooyanate 

20 concentration of the first reaction miXtu:re became 

25 

o.s t by we~ght. The urea dimer content and transm1t-

tanoe of the biuret polyisocyanate in the first reac­

tion mixture were 1.5 t by weight and 94 t, respee-

tively. 

The first reaot1on 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 isocyanate group 

oontent was 22.9 % by weight} the unreacted diisocyana­

te concentration was 0.5 t by weight; and the urea di­

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, respectivel.y. However, the biu­

ret polyisocyanate became turbid after being subjectad 

to storage stability testing at 5 °C. 

15 Example 4 

Example 4 was conducted using the system shown in 

Fig. 1. All procedures ware performed in a nitrogen 

atmosphere unless otherwise speo1f~ed. 

Hexamethy1ene-l,6-diisocyanate (HMDI) and a reac-

20 tion solvent (a 1:1 mixed solvent of methyl oelloso1ve 

aoetate and trimethyl phosphate} were continuously fed 

to first reactor 4 through inlet pipe i at f iow rates 

o~ 1,000 parts by weight per hour and 500 parts by 

weight per hour, respeotively. As a b1uretiz1ng agent, 

25 water was oont1nuousiy fed to f1rst 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/watar = 15/1), A first reac-

tion was continuously performed consecutively in first 

reactor 4, second reactor 7, and pipe reactors 9, 10 

s 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 :ln 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 Nml/ml) was fed to degassing 

15 apparatus 20 at its upper portion (a gaseous phase). 

wherein dagasslng apparatus 20 was maintained at 30 °c 

under a degree of vacuum of 655 Pa, to thereby degas 

the £1rst reaction mi.xture. The d$gassed first reac-

tion miXture was withdrawn through the lower portion (a 

20 liquid phase) of degassing apparatus io. The content 

of the unreacted diisooyanate in the f ~rst reaction 

mixture was 83 t by weight. 

The degassed first reaction mixture was fed to 

wiped film evaporator 21 (degree of vacuum! 655 Pa, 

25 temperatur~: 160 °c), and the unreacted d~isocyanate 
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concentration in the first reaction mixture was adjust­

ed by wiped film evaporation, so that the diisocyanate 

concentration of the first reactioA mixture beo.ame s \ 

by weight. The urea dimer content and transmittance of 

s the biuret po1yisooyanate in the f 1rst reaction mixture 

were 1.0 t by weight and 93 %, respectively. The unre­

acted diisocyanate and the reaction so1vent were recov­

ered ~n 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 

o.s l by weight. 

The first reaction mixture. which had been adjust­

ed with respect to the unreacted diisocyanate concen­

tration, was fed to heating vesse1 23, and heated at 

15 130 °C.for 30 minutes. to thereby perform a second re­

action. With respect to the b1uret polyisoeyanate in 

the obtained second react~on mixture, the urea dimer 

content was not more than 0.2 % by weight and the 

transmittance was 91 t. 

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 second reaction mixture. The isolated biuret 
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po1y1socyanate was withdrawn from withdrawal pipe 26. 

With respeot to the obtained b1uret po1y1socyanate, 

the number average molecular weight was 600: the iso­

cyanate group content was 24.7 t by we~ghti the unre-

s acted diisocyanate concentration was o.s % by weight; 

and the urea dimer content was not more than 0.2 % by 

weight. The transmittance and viscos~ty of the biuret 

polyisooyanate were 91 t and 900 mPa•s at 25 •c, re­

spectively. Further, the biuret polyisooyanate did not 

10 become turbid even after being subjected to storage 

stabil.ity 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 HMPI/water ~ 10/l). The con­

tent of the unreacted diisooyanate in the obtained fir­

st reaction mixture was 73 t 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 oiisocya­

nate concentration of the first reaction miXture. Next, 

a seoond reaction was performed in substantially the 

25 same manner as in Example 4. With respect to the biu-
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ret polyisooyanate in the second reaction mixture, the 

urea dimer content was not more than 0.2 t by weight 

and the transmittance was 94 t. 

Subsequently, the unreacted diisocyanate in the 

.5 second reaction nu.xture was removed in substantially 

the same manner as in Example 4, to thereby isolate the 

biuret polyisocyanate from the second reaction m.1xture. 

With respect to the obtained biuret poly1socyanate, the 

number average molecular weight was 615; the isocyanate 

10 group content was 24.4 t by weight; the unreacted di­

isooyanate concentration was 0.4 % by weight; and the 

urea dimer content was not more than 0.2 t by weight. 

The transmittance and viscosity of the biuret polyiso-
. 

cyanate were 94 % and 1,700 mPa·s at 25 °C, respec-

15 t1vely~ Further, the biuret polyisocyanate did not be­

come turbid even after being subjected to storage sta-

bil1ty testing at 5 •c. 

W~th respect to the mixture of tbe unreacted di-

~socyanate and the reaction solvent recovered during 

20 the first w~ped film evaporation, the amount of the 

biuret polyisocyanate contained therein was not more 

than o.s % by weight. 

Ref erenoe Example l 

25 A b~uret 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 615i the isocyanate group content 

s was 24.4 % by weight; and the unreacted diisocyanate 

concentration was 0.5 % by weight. The viscosity of 

the biuret po1y1socyanate was l,700 mPa·s at 25 •c. 

With respect .to the mi~ture of the unreacted d1-

isocyanate 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. 

15 

Reference Example 2 

A biuret polyisooyanate was produced in substan­

tially the same manner as in Reference Example l (i.e .• 

the degassing apparatus was not used) except that the 

mixture of the unreacted di1socyanate and the reaction 

solvent reoovered 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 mo1ecular weight was 

665; the isocyanate group content was 23.6 % by weight: 

and the unreacted diisocyanate concentration was o.s % 

25 by weight. Tha viscosity of the biuret polyisocyanate 
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was as high as 2,010 mPa•s at 25 9 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 b~uret polyisocyanate contained therein was as large as 

4 %' by we1.ght. 



Industria1 Appi~oabil1ty 

The biuret polyisocyanate of the present invention 

not only exhibits an excellent stability at low tern~ 

peratures, but also is free from turbidity and discol-

5 oration. By virtue of these properties, the biuret 

polyisocyanate can ba advantageously used for producing 

a coating composition, an adhesive, a fibar treatment 

agent, a sealant, a waterproofing agent, a foam, an 

elastomer and the li.ke. For example, when the biuret 

10 polyisocyanate of the present invention is used for 

producing a coating composition, the obtained coating 

composition is capab1e of forming a coating which ex­

hibits excellent adhesiveness and bending resistance. 

In addition, by the process of the present invention, 

15 it has become possible to effectively and efficiently 

produce a biuret polyisocyanate whioh not only exhibits 

an excellent stability at low temperatures, but also is 

free from turbidity and discoloration. Fu:rther. by the 

use of the process of the present invention, it has be-

20 come possible to recycle the unreacted diisocyanate re­

covered after the reaction £or producing a polyisocya­

nate. 
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CLAIMS 

l. A biuret polyisocyanate obtained by reacting at 

least one di.isocyanate-selected from the group consist-

s ing of an aliphatic diisooyanate and an alicyclic di-

isocyanate with a biuretizing agent, 

said biuret polyisocyanate having the following 

characteristics (l} and (2): 

(1) said b1uret polyisoeyanate contains urea bond 

10 -containing compounds including an urea dimer which are 

15 

20 

the intermediate products of the reaction between the 

diisocyanate and the biuretizing agent. wherein said 

urea di.mer is represented by the following formula (I}~ 

OCNR-NHCNH-RNCO 
II 
0 

wherein, each R 1ndependently represents an 

(I) 

a1iphatic group or an alicyolic group derived 

from sa1d diisocyanate, and 

said biuret polyisocyanate has an urea dimer content of 

not more than o.5 % by weight. based on the total 

weight of said biuret poly~socyanate and said urea 

25 bond-containing compounds including said urea dimer, 

where1n said urea dimer content is defined as the per-
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cent of the area of a peak ascribed to said urea dim.er 

in a gel permeation chromatogram of said biuret poly­

isocyanate containing the unreacted d11socyanate and 

said urea bond-containing compounds, based on the total 

5 area of al1 peaks. exclusive of a peak ascribed to sa1d 

unreacted d11socyanate. in said gel permeation chroma-

togram: and 

(2) said biuret polyisocyanate exhibits a trans­

mittance of at least 90 t 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 raaction between at least 

15 one diisocyanate selected from the group consisting of 

an al~phatio diisocyanate and an alicyclio d11sooyanate 

and a biuret1zing agenti wherein the molar ratio of 

said diisooyanate 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

isooyanate; 

(b} adjusting the concentration of the unreacted 

di.isocyanate in said first reaction mixture to a level 

in the range of from 3 to 20 t by weight,. based on the 

25 total weight of the unreacted diisooyanate and said 
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b~uret polyisocyanate, 

( c) heating said first reaction mixture, which 

has been adjusted with respect to the unreacted diiso-

cyanate concentration in step (b), at a temperature of 

5 from 110 to 160 •c to thereby perform a second reaction, 

thus producing a b~uret polyisocyanate having the fol­

lowing characteristics (1) and (2): 

10 

15 

20 

25 

(1) said biuret polyisocyanate contains urea 

bond-containing compounds including an urea 

dimer which are the intermediate products of 

sa1d f~rst reaction, wherein said urea dimer 

is represented by the following formula (I}: 

OCNR-NHCNH-RNCO 
H 
0 

where~n. eaoh R independently repre­

sents an aliphatic group or an ali-

cyclic group derived from said di-

isocyanate, and 

(I} 

said biuret polyisocyanate has an urea dimer 

content of not more than o.s i by weight, 

based on the total weight of said biuret 

polyisocyanate and said urea bond-containing 

eompounds inc1ud1ng said urea dimer, wherein 
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sa~d urea dimer contQnt is defined as the 

percent of the area of a peak ascribed to 

said urea dimer in a gel permeation chromato~ 

gram of said biuret polyisocyanate containing 

the unreacted diisoeyanate and said urea 

bond-conta~n1ng compounds, based on the total 

area of all peaks. exc1usive of a peak as­

cribed to said unreacted di~socyanate, in 

said gel permeation chromatogram, and 

(2) said biuret polyisocyanate exhibits a 

transmittance of at least 90 ' as measured at 

430 nm using a cel1 having a length of 2 cm; 

and 

{d) isolating said biuret po1yisocyanate from said 

15 seoond.react~on mixture obtained in step {o}. 

3, The process according to claim 2, wherein, in step 

(d), the isolat~on of sa1d biuret polyisocyanate is 

perf orm~d by removing the unreacted diisooyanate from 

20 said second reaction mixture. 

25 

4. The process according to claim 2 or 31 wherein 

said at least one diisocyanate is a hexamethylene-1,6 

-diisooyanate. 
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5. The process aocording to any one of olaiins 2 to 4, 

wberein said biuret1zing agent is water. 

6. The process according to claim 5, wherein, in step 

5 (a}, the first reaction between said diisooyanate and 

lO 

15 

20 

25 

water is performed in the presence of at least one sol­

vent selected from the group consisting of a compound 

represented by the following tormula (II) and an alkyl 

phosphate: 

(II} 

Wherein each of Rl and:' R2 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 l or 2.. 

7. The process according to any one of claims 2 to 6, 

wherein, in step (b). the adjustment of the unreacted 

di1sooyanate concentration of the first reaction mix-

ture is performed by wiped f~lm evaporation. 

a. The process according to olaim 7, wherein said 
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first reaction mixture is degassed before being sub-

jected to w1ped fi1m evaporation. 

9. The pro~ess according to any one of claims 3 to 86 

5 where~n, in step {d), the removal of the unreacted di­

isocyanate from said second reaotion mixture is per-

formed by Wiped film evaporation. 

10. The process according to ola1m 9, wherein said 

10 second reaction mixture is degassed before being sub­

jected to the w1ped film evaporation. 

ll. The process according to any one of claims 2 to 101 
. 

wherein step (a) comprises continuously conducting the 

15 following substeps (1) and (ii): 

{i) agitating a mixture of the d:tisooyanate and 

the bittretizing agent to conduct a reaction between 

said diisocyanate and said biuretiz1ng agent in a homo-

geneous system of said mixture. thereby obtaining an 

20 intermediate react1on mixture; and 

(11) feeding said intermediate reaction mixture to 

a pipe reactor to thereby conduct a further reaction 

between said d1isocyanate and said biuretizing agent in 

a piston flow, thereby obtaining a first reaction mix-

25 ture. 


