DESCRI PTION Title of Invention A METHOD OF SEPARATI ON Technical Field

5[ 0001] The present invention relates to a separation nethod. Mre
particularly, the present invention relates to a nethod of separating a

m xture containing a plurality of conpounds that reversibly react with each
ot her. Background Art 10[0002] Distillation is generally used for
separating a gas conposition conposed of a plurality of conponents.
Distillation is an operation of condensing a specific conponent of a

m xture utilizing the difference DESCIRIPTEONSure between the conponent
substances. By heating a m xture to be distilled, each conponent is

gradual | y eTitlendtladehtiom 15 the surface, and boiling starts when the sum

of vapor pressures of the conponents is consistent with the pressure of the
system TheAcWHpbEIQIDAOFSEP JEl{éNat ed vapor is then al npost deternined

from both the conponent conposition of the surface and the vapor pressures
(partial prdechnis) Kield he conponents at that tenperature according to
20the Raoult's law. Batch distillation and continuouys distillation are
knowd as i nfREAY] Ahedprasent dnvertiomtuedries tooeosyparaorvastied.i oeréhavi or
does not involye reaction between the conponents to be separated. On the
ot her hand, Paricavagys the pressshnventipPAVSIAERJor 2 4BEthas PEISRPaFALEE a

conponents, hetween |iguid . . )
w rntixture contaﬁnling a plurality of compounds that reversibly react with

each other.
Background Art
10 [0002] Distillation is generally used for separating a gas composition
composed of a plurality of components. Distillation is an operation of
condensing a specific component of a mixture utilizing the difference in
vapor pressure between the component substances. By heating a
mixture to be distilled, each component is gradually evaporated from
15 the surface, and boiling starts when the sum of vapor pressures of the
components is consistent with the pressure of the system. The
composition of the generated vapor is then almost determined from both
the component composition of the surface and the vapor pressures
(partial pressures) of the components at that temperature according to-
20 the Raoult's law. Batch distillation and continuous distillation are
known as industrial distillation methods.
[0003] The evaporation behavior does not involve reaction between the
components to be separated. On the other hand, an evaporation
behavior involving reaction between. gas components, between liquid
25 layer components or between gas-liquid layer components is a complex

evaporation behavior.



25| ayer conponents or between gas-liquid |ayer conponents is a conpl ex
evaporation behavior. [0004] For exanple, conventionally, when the

equi libriumof an equilibriumreaction is not biased toward the system of
formation, the reaction efficiency (equilibriumconversion rate) is
generally increased by separating at |east one of the products fromthe
reaction systemand 5 biasing the equilibriumtoward the system of
formati on. Various nethods are known as nethods for separating a product

from the repgddPNEBYSELAMPATORGNYBRESnal StWheR! HIRN SRRBBALIENoFSagne of
t he net hods?@rr%sﬂ comonl y pe’rfoPrred. %\aﬁ%t hod of al I%?q/\'nﬁng t he roeagti on to

proceed by shiiflfiriemt RacdaHi kit biakédastvatd th@\@?sfélﬁhﬁf R BXRIE Thef
Cc

formation whi'le removing a product fromthe reacfion systemby distillation
is called reastioveeffidbnty déd@ihibriveh craepiion Mg Bagarallitigcadaded 1
descri bes the explanation of reactive distillation by presenting specific
exanpl es. [ B9QizhaRebnt by et ohiel dRheoprdduces frenalthy reaqtl@nepstesh uadng a 15
distillation colum such as a continuous nultistage distillation colum.
When 5r eact i beasitigt hlel @tjudibrismpeofvardrethe systetin sbf | floatnationc ol Various

hi gher-boi | i ng conponent contained in the reaction liquid is distributed
nore in a | ovathods sage khowine adi ntdthbdd ifon separatingng prddoser froni Itheg
conponent is distributed nore in an upper stage of the distillation 20

col um in avgwtansgshaitt.h Ameome dhesss doftiliaton separation Bconedofighg, in a
distillation colum, the tenperature in the colum (liquid tenperature)
decreases f nathodie most csommatly pepfoomedhe ol methodrhed radbovingn that e of an
equi li briumreaction decreases as the tenperature decreases. For this
reason, whekeactignt itoepudiceed| butshofing ther tquikdaium mSchendtewatd gheon
columm, the reactiogn rate decreases fromthe bottomto the top of the

col Ufn. Spesyfierapf jormation sdule mmevinga predues fromethestpactiobriystameact i on
decreases from.the hot t,ogai}g the top of .the colum. [0006] In this context,
further rai 8yr@istHationip drigactive slisiildation nker weempleudasyPatentnpr ove
the reaction.efficiency (i.e., to increase the reactjon fate)., Patent
Literature Higrasroses dﬁs%b%d&@f explanatien ¢ AE reaciyac dighation by

advant ageouslgg@gr,oceed b sug{)ll Yi ng a solvent to a reactive distillation
colum to rB&f Flﬁgsﬂj@ﬁiﬁ"‘r Bl4Sa the reactive distillation colum as a

reho of SRR B! SLALRAT UL U LEsELLon feprgagntcd by Fau
rer;tc gsln gle g?ggﬁ%%%g@c‘%(%)r? éhck‘j%mseél g{)htiin{[m{lg n(ljliﬂttifsl{acg%l ais%iﬁaagﬁaéo%r%ne} raw
When reactive distillation is performed in a distillation column, a
higher-boiling component contained in the reaction liquid is distributed
more in a lower stage of the distillation column and a lower-boiling
component is distributed more in an upper stage of the distillation
20 column in accordance with the progress of the reaction. Accordingly,
in a distillation column, the temperature in the column (liquid
temperature) decreases from the bottom to the top of the column. The
reaction rate of an equilibrium reaction decreases as the temperature
decreases. For this reason, when reactive distillation is performed in
25 the distillation column, the reaction rate decreases from the bottom to

the top of the column. Specifically, the reaction efficiency of the



distillation while suppressing an undesired reversible reaction as nuch as
possible in a systeminvol ving the above-described equilibriumreaction
represented by Raw material (P) + Raw material (Q <=> Product (R) +
Product (S), or in a systeminvolving an equilibrium 15 reaction
represented by Raw material (P) <=> Product (R) + Product (S). In general,
distillation separation is often perfornmed in a high tenperature condition
even under reduced pressure, and it is difficult to suppress an undesired

reversi bl e éﬁ@i‘}flﬂrﬁﬂn rE8Eti G 8B eBsed Frons (1R befloseede @bl o the g, t he
above-descri bed nethod to separation by 20 distillation of a mxture

contai ni ng pOOGHYt Iy this eheoanfindhdraiaing the Meapeehtandiptrospiomn habat
reversibly reacts with the active hydrogen-contai ni ng conpound, for

exanpl e. [0B8&l drxdienl &5 ihiprol¥ithe risehioanetiidenty giler enelindrehse rtRgct i on

i nclude separation of an untacted nononmer by distillation in a nethod 25of
produci ng arddctionneite pnaPatent Miigheture Undiscdogls pohythedcylnddeiby the

pol ymeri zing a difunctional isocyanate nononmer. In contrast, for exanple,
Pat et Li t ergdction tb adsathpesudherbeedd bhatuppiyiakl opbbrat 6ol ai wactiapat e was
obt ai ned by a nmethod of reacting i sophorone diisocyanate with a partially
pr opoxy! at edisgillatiemotolmain ttberuisce tix itagpehaurmie dheatantnendstillaiiog a thin
filmevaporator. Patent Literature 52 al so describes the fact that an

al | ophanat edoiusun yesnateethasl ob tedfiokedtlyy perforning aof eqeidibriung feagtiort hyl ene
dii socyanate with 1-butanol and then renoving the excess nononer by

conti nuous dipresdntaditonRaG natenal (R)st Reav enatetial éQa e Profogo®) Pat ent

Literature 1: WO 2009/071533 Patent Literature 2: U S. Patent
Appl i cat i onProdirdtd &) i 0. Nesterredrapgsogaation).
10 [0007] However, it is difficult to separate a raw material or a product by

distillation while suppressing an undesired reversible reaction as much
as possible in a system involving the above-described equilibrium
reaction represented by Raw material (P) + Raw material (Q) <=>
Product (R) + Product (S), or in a system involving an equilibrium
15 reaction represented by Raw material (P) <=> Product (R) + Product
(S). In general, distillation separation is often performed in a high
temperature condition even under reduced pressure, and it is difficult to
suppress an undesired reversible reaction. For example, it is often
undesirable to apply the above-described method to separation by
20 distillation of a mixture containing an active hydrogen-containing
compound and a compound that reversibly reacts with the active
hydrogen-containing compound, for example.
[0008] Examples involving such an undesired reversible reaction
include separation of an unreacted monomer by distillation in a method
25 of producing a trifunctional or higher functional polyisocyanate by

polymerizing a difunctional isocyanate monomer. In contrast, for



Non Patent Literature [ 0010] Non Patent Literature 1: "Kagal cu
Kogaku" [ Chem cal 15Engi neering], Vol. 57, No. 1, pp. 77-79 (1993) Sunmary
of Invention Technical Problem|[0011] In the nethods described in Patent
Literatures 1 and 2, the systemis set at a tenperature as | ow as possible
under reduced pressure 20 when the unreacted nononer is renoved after

al | ophanation reaction. However, in distillation separation, the system
must be set at a tenperature equal to or higher than that of allophanation

reaction, begampte, aPaﬂe'ﬁ@Cl!ﬁé&%ttﬁleusleﬂe&%'ibéH 'tl?@*fﬁ@@ttha“aﬁe@l? n}bl?éha‘%édthe like
general ly has a hi'gh boil'ing point. Therefore, | ophanat i on reacti on

25proceeds pyRFaflMtel NGadll Ybthindl! a8y SaPandtHan, o§0ré£@dngﬂ RIAHIBHe TRY be
prepared whose“viscosity is higher than the viscosity initially intended,

or a gel nmayijbec@RRes atitd a P&Qﬂaﬂy bfbﬁd}t}ﬂaf&lnggfcerdlt and thén eBridvihg

difficult to perform distillation separation While suppressing an uUndesired
reversi bl e tleaghicavtRbmbiemasugagsd thia filh @vaystast.i NPelewt Ddtdrigire

above-descri bed equilibrium
5 2 also describes the fact that an allophanated isocyanate was obtained
by a method of reacting hexamethylene diisocyanate with 1-butanol and
then removing the excess monomer by continuous distillation.
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Patent Literature 2: U.S. Patent Application Publication No.
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Non Patent Literature

[0010] Non Patent Literature 1: "Kagaku XKXogaku" [Chemical
15 Engineering], Vol. 57, No. 1, pp. 77-79 {1993)

Summary of Invention

Technical Problem

[0011] In the methods described in Patent Literatures 1 and 2, the

system is set at a temperature as low as possible under reduced pressure
20 when the unreacted monomer is removed after allophanation reaction.

However, in distillation separation, the system must be set at a

temperature equal to or higher than that of allophanation reaction,

because an isocyanate used for allophanation reaction or the like

generally has a high boiling point. Therefore, allophanation reaction
25 proceeds even during distillation separation, so that a compound may be

prepared whose viscosity is higher than the viscosity initially intended,



Sreaction, and there is a need for a solution to this problem [0013] An
obj ect of the present invention is to provide a separation nethod that
enabl es at | east one conpound to be efficiently separated by distillation
froma mxture containing a plurality of conpounds that reversibly react
wi th each other. 10Solution to Problem [0014] As a result of extensive
studies to achi eve the above object, the present inventors have found that
t he above object can be achieved by a nmethod of separating a m xture

contai ni Ng ap a6 gy Bg?egg%egpnt ai ni ng conpound (A) and a conpound (B)
that reversibly 1bréacts with (A) using a nultistage distillation colum by

suppl yi ng t G010 XInrKist hamnepeRi fsi 6fteQAAD diffdrd twi pdifornh hdstillktibat age
distillation collum and distilling (A and (B) in the nultistage

di stillati oBesabtion, walld duppedsingianguhdssiteliréwerbitde coamti®@i iagnmotht he
present invention. [0015] Specifically, the present invention is as

fol l ows: 20hd]possepler &b | @nsyseémodnvblveepathet abgvé-Aesarited Byquitirumsi ng:
a step of separating at |east either an active hydrogen-containi ng conpound
(A 6r a congmiivth, GBY théet isrenesd fd ¥ soledionstowhihpioblefir.om a m xture
containing (A) and (B) by distillation in a miltistage distillation colum;
and 25a st ep0@I3]sdpplopijerg oheharipreserd troveationnzc to yrovals anséparatidnwi t hi n
the nultistage distillation colum. [2] The separation nmethod according
to [1], whensithodAhat enzblevatpleastdomeaconmpoanidytdr byefficientty sopateded bya
heteroatom or a halogen atom [3] The separation nmethod according to [1]
or [2], whedétillation ifeom Sovitoecomeinmge & plesdity ovie compouyds dmted from
t he group consisting ]
reversibly react with each other.
10 Solution to Problem
[0014] As a result of extensive studies to achieve the above object, the
present inventors have found that the above object can be achieved by a
method of separating a mixture containing an  active
hydrogen-containing compound (A) and a compound (B) that reversibly
15 reacts with (A) using a multistage distillation column by supplying the
mixture to a specific region formed within the multistage distillation
column and distilling (A) and (B) in the multistage distillation column,
and this finding has led to the completion of the present invention.
[0015] Specifically, the present invention is as follows:
20 1] A separation method of separating (A) and (B), comprising:
a step of separating at least either an active hydrogen-containing
compound (A) or a compound (B) that reversibly reacts with (A) from a
mixture containing (A) and (B) by distillation in a multistage distillation
column; and
25 a step of supplying the mixture to an inactive region formed

within the multistage distillation column.



of a group represented by the followng fornmula (1), a group represented by
the following fornula (2), a group represented by the follow ng fonnula (3)
and a group represented by the following forrmula (4): [Chem cal Fornula 1]
N 10H2( 1 ) [Chem cal Forrmula 2] -XIH( 2 ) [Chemical Forrmula 3] X2 Hii

N-C X3-R 15[ Chemical Forrmula 4] X4 H1 -N-CN H2 [wherein XI, X2, X3 and
X4 each independently represent an oxygen atomor a sulfur atom and R
represents an organic group]. [4] The separation nmethod according to any

one of [1] {® [ 3] The separation method according to [1], wherein (A) is a
compound having a hydrogen atom bonded to a heteroatom or a halogen
atom.

(3] The separation method according to [1] or [2], wherein (A) is a
5 compound having at least one group selected from the group consisting
of a group represented by the following formula (1), a group represented
by the following formula (2), a group represented by the following
formula (3) and a group represented by the following formula (4):

[Chemical Formula 1]

10 —NH; (1)
[Chemical Formula 2]
—X™H (9
[Chemical Formula 3]
X2
H ol .
15 {Chemical Formula 4]
X4
H
—=N-—C-—NH, (4)
[wherein X', X%, X° and X* each independently represent an oxygen
atom or a sulfur atom, and R' represents an organic group].
[4] The separation method according to any one of [1] to [3],
20 wherein (B) is a compound having a carbony! group.

[5] The separation method according to any one of [1] to [4],
wherein (B) is a compound having at least one group selected from the
group consisting of a group represented by the following formula (5), a

group represented by the following formula (6), a group represented by



20wherein (B) is a conpound having a carbonyl group. [5] The separation
nmet hod according to any one of [1] to [4], wherein (B) is a conpound havi ng
at | east one group selected fromthe group consisting of a group
represented by the following formula (5), a group represented by the
following formula (6), a group represented by the followng forrmula (7)
and a group represented by the followng fornmula (8): [Chem cal Fornula 5]
yl Hi NGCY0-R'" 5[Chemcal Fornula 6] Y3 HI NCN H2 [ Chem cal Fonnul a

7] 9 R20- G tfiR%ollowing formula (7) and a group represented by the following
formula (8):

[Chemical Formula 5]
1
Y
_'_N_C_Y -R" (5)

5 [Chemical Formula 6]
Y3
H 1l

[Chemical Formula 7]

FQQO""""lC'““C)R1 (7)
[Chemical Formula 8]
10 —N=C=Y* (8)
[wherein Y', Y% Y® and Y* each independently represent an oxygen
atom or a sulfur atom, R' and R? each independently represent an
organic group having 1 to 30 carbon atoms, and R" represents an
organic group].
15 [6] The separation method according to any one of [1] to [5],
wherein
the multistage distillation column is a plate column, and
the inactive region is a region in which the surface contacting
with the mixture is formed of a material inactive to the reaction between
20 (A) and (B).
[7] The separation method according to any one of [1] to [5],
wherein

the multistage distillation column is a packed column, and



[Chemi cal Fornula 8] 10-N=C=Y4( 8 ) [wherein Y1, Y2, Y3 and Y4 each

| ndependently represent an oxygen atomor a sulfur atom Rl and R2 each

i ndependently represent an organic group having 1 to 30 carbon atons, and
R' represents an organic group]. 15[6] The separation nethod according to
any one of [1] to [5], wherein the nmultistage distillation colum is a

pl ate columm, and the inactive region is a region in which the surface
contacting with the mxture is forned of a material inactive to the

reaction between @ Mactid fB)ion [i€]aT R ioAPRY AHIOM tHBINPFhRCESELAGt O any
one of [1] to [5], wherein the nultistage distillation colum is a packed

col um, ~andwith the mikGire 1@ phéN& K OhatRird ARG formeld 8P atiigtesii f ace
contacting with the mxture is packed ' with a packing material fornmed by a

b eSO, and (5 (81 The scparct
[8] The separation method according to [6] or [7], wherein the
5 inactive material is a material in which the Fe atom content, the Ni atom
content and the Ti atom content are each 10 mass% or less.
[9] The separation method according to any one of [1] to [§],
wherein
(X) the area of the inner surface of the multistage distillation
10 column contacting with the mixture (unit: m?) and
(Y) the volume of the mixture (unit: m®)
satisty (X)/(Y) < 100.
[10] The separation method according to any one of [1] to [9],
wherein the step of distillation separation is performed in the presence
15 of a compound (C) that has a normal boiling point between the normal
boiling point of (A) and the normal boiling point of (B) and is
chemically inactive to (A) and (B).
[11] The separation method according to any one of [1] to [10],
wherein (A) is a compound represented by the following formula (9):

20 [Chemical Formula 9]
R3EX5-H)

wherein R® represents an organic group having 1 to 44 carbon atoms,
P g group £

a (9)

X° represents an oxygen atom or a sulfur atom, and a represents an
integer of 1 to 6].
25 [12]  The separation method according to any one of [1] to [11],



S5inactive material is a material in which the Fe atomcontent, the Ni atom
content and the Ti atom content are each 10 mass% or |ess. [9] The
separation method according to any one of [1] to [8], wherein

(X) the area of the inner surface of the nultistage distillation 10col um
contacting wwth the mxture (unit: nR) and (Y) the vol une of
the mxture (unit: nB) satisfy (X)/(Y) 100. [10] The separation nethod
according to any one of [1] to [9], wherein the step of distillation

separation i . f ' I lai(ngy: has a
nor mal boi | Fﬁlge? %@i g%)mggit %}gﬁbtﬁﬂg rﬁ%@%&ﬁteﬁ?f%ﬁfﬂﬁ?&%ﬁbﬁ atagnd}t he nor nal

boi i ng poi PChemi¢BF @msulasighem cal |y inactive to (A) and (B). [11] The
separation rethod according to any one of [1] to [10], wherein (A
s a conpound,r épresent ed the following fornmula (9): 20[ Chem cal Formul a
9] R3-(-X- HR% F[@’Té?Yﬁ} represents an organic group having 1 to 44
carbon atonms, X3 represents anMoxygeny atgmor a sulfur atom and a
represents an integer of 1 to 6]. 25[12] The separati on nethod according to

any one of [whetedn[R1}epresents an organic group having 1 to 80 carbon atoms,
5 Y* represents an oxygen atom or a sulfur atom, and b represents an
integer of 1 to 10].
Advantageous Effects of Invention
[0016] According to the present invention, an  active
hydrogen-containing compound or a compound that reversibly reacts
10 with the active hydrogen-containing compound can be efficiently
separated and recovered from a mixture containing the active
hydrogen-containing compound and the compound that reversibly reacts
with the active hydrogen-containing compound.
Brief Description of Drawings
15 [0017] Figure 1 is an illustration showing a distillation separation unit
according to an embodiment;
Figure 2 1s an illustration showing a distillation separation unit
according to an embodiment;
Figure 3 is an illustration showing a distillation separation unit
20 according to an embodiment;
Figure 4 is an illustration showing a distillation separation unit
according to an embodiment;
Figure 5 is an illustration showing a distillation separation unit
according to an embodiment;

25 Figure 6 is an illustration showing a distillation separation unit



wherein (B) is a conpound represented by the follow ng formula (10):

[Chem cal Fotinula 10] R4-EN C=Y5 b( 1 0 ) [wherein R4 represents an
organic group having 1 to 80 carbon atoms, 5Y5 represents an oxygen atom or
a sulfur atom and b represents an integer of 1 to 10]. Advantageous
Effects of Invention [0016] Accordi ngtothepresentinvention, anactive

hydr ogen- cont ai ni ng conpound or a conpound that reversibly reacts 10 with
t he active hydrogen-contai ni ng conpound can be efficiently separated and

recovered fpoRAid8 ¥ 4h endtHifldNtng the active hydrogen-containi ng conpound
and the corrpour%glrtf%at rever5|1 y teacts with the active hydrogen-cont ai ni ng

conpound. Bri ef @%Iré Pt §O Bnlcllﬁlu@_frﬁ%ﬁ%ojﬁhgoal Glistil e sdpdratiaA unit

illustration show a distillation separation unit according to an

enmbodi nent ; aecordind t@ih @ndbddinght! | | ustration showing a distillation
separation unit according to an enbodi nent; Figure 3 is an
ilTustration shownmra $lishhlill@kiratiosedridnigon digtiliation separation unit
5 according to an embodiment;
Figure 9 is an illustration showing an N-substituted carbamic
acid ester production unit according to an embodiment;
Figure 10 is an illustration showing an N-substituted carbamic
acid ester thermal decomposition and isocyanate separation unit
10 according to an embodiment;
Figure 11 is an illustration showing an N-substituted carbamic
acid ester production unit according to an embodiment;
Figure 12 is an illustration showing an N-substituted carbamic
acid ester thermal decomposition and isocyanate separation unit
15 according to an embodiment;
Figure 13 is an illustration showing an N-substituted carbamic
acid ester production unit according to an embodiment; and
Figure 14 is an illustration showing an N-substituted carbamic
acid ester thermal decomposition and isocyanate separation unit
20 according to an embodiment.
Description of Embodiments
[0018] Embodiments for implementing the present invention will be
described in detail below. The present invention is not limited to the
following embodiments, and various modifications can be implemented
25 within the spirit of the present invention.

[0019] The separation method of the present embodiment is a

10



20according to an enbodi nent; Figure 4 is an illustration show ng a

distillation separation unit according to an enbodi nent; Figure 5 is
an illustration showing a distillation separation unit according to an
enbodi nent; 25Figure 6 is an illustration showing a distillation separation
unit according to an enbodi nent; Figure 7 is an illustration show ng
a distillation separation unit according to an enbodi nent;

Figure 8 is an illustration showing a distillation separation unit

Saccordi ng i ) ; ind [ AYE S rigipst ration show ng an
E?ﬁﬁu@ﬁﬁﬁé‘ﬂh’&mf seé)aratmgg%z ABd{B); cé‘ﬁlpdshr‘gg

N-substituted carbam c acid ester p ction‘unit "according to an

embodi ment ;- a step bf Sepp@afifigiat ladstidithes ahaddiBre BVdNoRe-cshthiriypsti tuted
carbam c acid ester thermal deconposition and isocyanate separation unit

10accor di ngcbmpdundn@odineesin also simphy galled 1dompoandi(A)0sir™"gA)BRosROW ng an
N-substituted carbam c acid ester production unit according to an

enbodi ment ; compound (B HhaurevéRibls raacts Wids (Agtfirom & howing enthirdapst it ut ed
carbam c acid ester thermal deconposition and i socyanate separation unit
15acéor di ng(Ag aad (Bytinddistidlation in a multistage distillation column; and a step
of supplying the mixture to an inactive region formed within the
multistage distillation column.
[0020] In general, the reversible reaction is a reaction where reaction
from the original system (raw material) to the system of formation
10 (product) (forward reaction) occurs together with reaction from the
system of formation back to the original system (reverse reaction). In
the present embodiment, the "compound (B) that reversibly reacts with
the active hydrogen-containing compound (A)" (herein also simply
called "compound (B)" or "(B)") is a compound that can form a coupled
15 product of (A) and (B) by reacting with the active hydrogen-containing
compound (A). For example, it is a compound that establishes a

reaction system represented by the following formula (11).

[Chemical Formula 11]

Active hydrogen-containing compound (A) +Compound (B) that reversibly reacts with the active hydrogen-containing compound

———> Coupled productof (A)and B) ( 1 1 )

20 [0021] In general, if only forward reaction and reverse reaction of those
compounds occur in a reaction system, the reaction system is eventually
brought into an equilibrium state containing certain amounts of the
substrates and the product. Such a reaction system that can form an
equilibrium state is called equilibrium reaction. Specifically, the

25 "compound (B) that reversibly reacts with the active

11



Figure 13 is an illustration show ng an N-substituted carbam c acid ester
production unit according to an enbodi nent; and Figure 14 is an
illustration showing an N-substituted carbam c acid ester thernal
deconposition and i socyanate separation unit 20according to an enbodi nent.
Descri ption of Enbodi nents [0018] Enbodi nents for inplenmenting the present
i nvention will be described in detail below The present invention is not
limted to the foll ow ng enbodi nents, and various nodifications can be

i npl ement Edhﬁémge%ébﬁt'aﬁﬁﬁg'ddrﬁn%&ﬁnd Qgp-p 50 iHRvE@Nddoorh 98494 Igﬁze
separation nethod of the prese enbodi ment’ 1s a separation nethod of

separating (W) caRdfdrE eqaliBiumi R@ction withahsteivel hydeaealddiaiing east
ei ther an active hydrogen-contai ning conpound (A) (herei'n also sinply

cal l ed "conpempdubd) [AY. "IAYHY Resehtcanbodhtef)hehalixney eicithining eact s
with (A) froma mxture containing 5 (A) and (B) by distillation ih a

Tnactive regi on Torned w Chim the Ml i1 tage dl St 11 S on Solume {0020} In
genetal , theoungledrsidduet oddet) and i(B)aredacdr equilttehenr start raprefemed t he
original system (raw material) to the systemof formation
by the following formula (12).
[Chemical Formula 12]
(A)+ (B) == Coupled product of (A) and (B) (1 2)
[0022] More preferably, (B) is a compound that can form thermal
10 dissociation equilibrium with (A), and still more preferably, (A), (B),
and a coupled product of (A) and (B) are in a thermal dissociation
equilibrium state in the mixture. Thermal dissociation is a reaction in
which a molecule or the like is decomposed by a rise in temperature and
brought back to the original molecule by reverse reaction upon
15 temperature decrease. In the formula (12), for example, it is a reaction
in which a coupled product of (A) and (B) is decomposed by a rise in
temperature to form (A) and (B), and (A) reacts with (B) upon
temperature decrease to form a coupled product of (A) and (B).
Although a catalyst may or may not exist in the reaction system, a
20 reaction system in which a catalyst does not exist is preferred.
[0023] In the present embodiment, {B) may be a compound that can
react with (A) to form a coupled product of (A) and (B) and that
establishes a reaction system represented by the following formula (13).
[Chemical Formula 13]

Active hydrogen-containing compound (A)+Compound (B} that reversibly reacts with the active hydrogen-centaining compound

25 - Reaction produci {1) of (A} and (B) + Reacfion product (2) of (A) and B) + ==+ (1 3)
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10 (product) (forward reaction) occurs together with reaction fromthe
system of formation back to the original system (reverse reaction). In the
present enbodi nent, the "conpound (B) that reversibly reacts with the
active hydrogen-containing conpound (A)" (herein also sinply called
"conpound (B)" or "(B)") is a conpound that can form a coupled 15 product
of (A) and (B) by reacting with the active hydrogen-containi ng conpound
(A). For exanple, it is a conpound that establishes a reaction system

represent ed [@)24}h€xﬁﬁiﬂi@s¥\bﬂgA?%lmJbﬁ1 (drhh -2 1l EBhCSstdRTEpIReAteld Boti ve

hydr ogen- cont ai ni ng conpoun +Conpound (B) that reversibly reatts with
the active (hdf@aanaqad)aelude anmpouds kavpLedhpdaset atoin béadaddo(B) ( 1 1

) 20[0021] In general, if only forward reaction and Teverse reaction of

those conpoyrite@atsh dna dal@dat bymsy St hdtboatead thapirs oMo &n
eventual | y brought into an equilibrium state containing certain amounts of

t he substr abesnanthéhehpn oduchrb&uchtom r eddthooasy $dem bhdtet@acyttgu an

equilibriumstate is called equilibriumreaction. Specifically, the

25" cénmpoundcoBipauimal, forerasiphe yan exyisnwitom, theuldot micen dnydda egerogennt ai ni ng

conmpound (A)" may al so be called "conpound (B) that can formequilibrium

reacti on w atorhhe active hydrogen-contai ning conpound (A)". In the present

enbodi nent, the mxture containing (A and (B) is preferablé such a m xture
0

in which (AQ028) Examples bt sopicothponischavahg (adhy dragenBtoar eondedio

equilibriumstate represented by the following formula (12). [Chem cal

For mul a 12] a(iterogqtbn igolusleedompoinds kdvipg) atabeast Bnel grodp selected
from the group consisting of groups represented by the following
10 formulas (1) to (4):
[Chemical Formula 14]
—NH; (1)
[Chemical Formula 15]
—X'H (2)
15 [Chemical Formula 16]
X2
H 3
[Chemical Formula 17]
X4
H
—N—C—NH, (4)
wherein X', X%, X’ and X* (X' to X*) each independently represent an
20 oxygen atom or a sulfur atom, and R' represents an organic group.
[0026] Examples of such compounds include compounds represented

by the following formula (14):
[Chemical Formula 18]

13



[0022] More preferably, (B) is a conpound that can formthermal 10

di ssociation equilibriumwth (A, and still nore preferably, (A, (B), and
a coupl ed product of (A) and (B) are in a thermal dissociation equilibrium
state in the m xture. Thernal dissociation is a reaction in which a

nol ecule or the like is deconposed by a rise in tenperature and brought
back to the original nolecule by reverse reaction upon 15 tenperature
decrease. In the formula (12), for exanple, it is a reaction in which a

coupl ed produgt /of (?) nd (B) is deconposed by a rise in tenperature to
form (A an @Bé—a)( (p) _reacts with (B) upon tenperature decrease to form

a coupl ed produst of (A) @nd (B); 1Al4tj'|ough a catalyst may or may not exi st
in the reaction system a 20reac%i on systemin which a catal yst does not

exi st is prefiRrsRdR’ k §ént‘s'hnt6}%aﬁ[@glﬁiﬂé) Baviogi MeyR5 daBdomraioras, X°conpound

that can react with (A) to forma coupl ed product of (A and (B) and that

est abl i shesr@resanti @nleasst@nn Rougselteddbionehboltaw renkoting af( 13) .
[ Chem cal Fornmula 13] Acti ve hydrogen-cont ai ni ng conmpound

(A) +Compoundrdi)s trbgtesesteer diybthe foaatifasw(th tbhéhacdid e hysiesgen- agnt ai ni ng
conpound ZSQRQEZtig%&%roducty(l) of (A dih(B)eﬁaReactioﬁgﬁroduct (2) of
(A) &nd (B)integefofl130)6. [0024] Exanples of (A) that can forma reaction
systemrepresented by the forpula (13) include conpounds having a hydrogen
at om bonded[8027 Hetarples ofiR i tikalfogaulaf bhy inthede hatdighstiongrde, ei n
refers to an atomother than a carbon atom which can forma heterocyclic
5conpound, horarexmti groum @xygeouptprepased biyfhondingrammatphataé tgrogpn at om
[ 0025] Exanpl es of the conpounds having a hydrogen atom bonded to a
het er oat om &ndlamdaranatogndep Havdach athet.eaMomengpagibopxesipes eaclindom t he
group consisting of groups represented by the follow ng 10fornulas (1) to
(4): an acyclic hydrocarbon group, a cyclic hydrocarbon group (e.g., a
10 monocyclic hydrocarbon group, a fused polycyclic hydrocarbon group,
a crosslinked cyclic hydrocarbon group, a spiro hydrocarbon group, a
ring assembly hydrocarbon group, a cyclic hydrocarbon group with a
side chain, a heterocyclic group, a heterocyclic spiro group, a hetero
crosslinked ring group or a heterocyclic group), a group in which one or
15 more groups selected from the group consisting of the acyclic
hydrocarbon groups and the cyclic hydrocarbon groups are bonded to
each other, or a group in which one or more groups selected from the
above-described group are bonded to each other via a covalent bond
with a specific non-metal atom (carbon, oxygen, nitrogen, sulfur or
20 silicon).
[0028] R is particularly preferably a group selected from an aliphatic
group, an aromatic group, and a group prepared by bonding an aliphatic
group and an aromatic group to each other and having 1 to 44 carbon
atoms, because a side reaction is less likely to occur. It is preferably a

25 group having 1 to 30 carbon atoms, and more preferably a group having
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[ Chem cal Fornula 14] NH2( 1 ) [Chem cal Fornula 15] -X1H( 2 )

15[ Chem cal

Formula 16] X2 H-NG-X3-R [Chem cal Formula 17] X4 H|

N-C- N

H2( 4 ) wherein XlI, X2, X1 and X4 (XI to X4) each independently represent

an 20oxygen atomor a sulfur atom and R
[ 0026] Exanpl es of such conpounds include conpounds represented by the

followng formula (14): [Chem cal Formula 18]

10

15

20

25

1 to 13 carbon atoms, taking fluidity and the like into consideration.
[0029] When X° is a group represented by the formula (1), the
compound represented by the formula (14} is an organic primary amine.
When X° is a group represented by the formula (2), the compound
represented by the formula (14) is a hydroxy compound (if X' is an
oxygen atom) or a thiol (if X' is a sulfur atom). When X% is a group
represented by the formula (3), the compound represented by the
formula (14) is an N-substituted carbamic acid ester (if X* and X’ are
oxygen atoms), an N-substituted O-substituted thiocarbamic acid ester
(if X* is a sulfur atom and X’ is an oxygen atom), an N-substituted
S-substituted thiocarbamic acid ester (if X* is an oxygen atom and X3 is
a sulfur atom) or an N-substituted dithiocarbamic acid ester (if X* and
X* are sulfur atoms). When X® is a group represented by the formula
(4), the compound represented by the formula (14) is an N-substituted
ureido (if X* is an oxygen atom) or an N-substituted thioureido (if X* is
a sulfur atom).

[0030] The organic primary amine represented by the formula (14} is

1) an aromatic organic primary monoamine where R’ is a group having
6 to 85 carbon atoms which contains one or more optionally
aliphatically and/or aromatically substituted aromatic rings, the aromatic
ring in R? is substituted with an NH, group, and a is 1,

2) an aromatic organic primary polyamine where R’ is a group having 6
to 44 carbon atoms which contains one or more optionally aliphatically
and/or aromatically substituted aromatic rings, the aromatic ring in R? is
substituted with an NH; group, and a is 2 or more, or

3) an aliphatic organic primary polyamine where R? is an optionally

15

represents an organic group.



R3( X6 ) a( 1 4 ) wherein R3 represents an organic group having 1 to 85
carbon atons, X6 represents at |east one group selected fromthe group
consi sting of groups represented by the fornulas (1) to (4), and a
represents an Sinteger of 1 to 6. [0027] Exanples of R3 in the formula (14)
i nclude an aliphatic group, an aromatic group, or a group prepared by
bondi ng an aliphatic group and an aronmatic group to each other. Mre

speci fic exanples include an acyclic hydrocarbon group, a cyclic
hydrocarbonaﬂﬁﬁgﬁmﬂﬁf%ubsﬁunéP ﬁtcéﬂﬁqﬁhﬁﬁﬁﬁﬁﬁb@ﬁ4@r@%80n@mbﬁﬁ§d

pol ycyclic hydrocarbon group, a crosslinked cycllc hydrocarbon group, a

spi ro hydr ogad dg 206©08p, a ring assenbly hydrocarbon group, a cyclic

hydr ocarbon group with a side chain, a heterocyclic group, a heterocyclic
spi ro group[0G8 eThe@rgamiespiimaed aming Wwhetether atanh href@ehty accgbonp), a
group in which one or 15 nore groups selected fromthe group consisting of
the acycli catoydy ewigt henNF.pogpsugibrided theettiocihyonadasdon agr atpaadce bonded
to each other, or a group in which one or nore groups selected fromthe
abové- descr iibgdsglesupbad eskonaiednatic eagimiotdmeimey hadahe argheiot plgomadywi t h a
specific non-netal atom (carbon, oxygen, nitrogen, sulfur or 20silicon).
[0028] R3 i anpae twiarkauich qir efoen abbpndedrtougm seine  rexdnlyr carban) alot phat i ¢
group, an aromatic group, and a group prepared by bonding an aliphatic
group and aanaromaticoing cugescoibesdods an Abphatid ohganilngnlineo 44 car bon at oms,
because a side reaction is less ljkely to occur. It is preferably a 25group
havi ng 1 t o[¥BZjaEempdennt suahdR nocduge heanbydrecagbonmgroaps sych asto 13
carbon atons, taking fluidity and the Iike into consideration. [0029] Wen
X6 is a gromethelenes dinsthygne neimeihyiere, tejramatbyleogppentameibyéersnt ed by
the fornmula (14) is an organic primary amne. Wen X6 is a grou

r epA8sent edheyamgthylengnang potamethylansigonns derpest &Eﬂtwuwﬁ&’i@df ormul a
(14) is a hydroxy coppaund (if X1 is an oxygen_ atom or a thiol (if X is a
sul fur atorﬁﬁ.wmﬁ& X ydgorear‘(a%%p suph es @t ecEysoRPeEANG: mAvclphsxange
conpound represented by the formula, (14) is . an ubstituted carbam c acid
ester (if X0V GIOBCRENSy éy&ig)@cetﬁnatfmﬁs)blsgyarCf@lﬁaﬂa"iﬁkm%dgm@ﬁbsl@W@ ed

t hi ocarbam ¢ acid

atom), an @%s@#ﬁ%%@@}g‘@ iI‘f)fﬁPééiX&ﬁssgl e aﬁégmg%t ]é(S’P %e(%i?@f%égieg an
acr d ester pipsgclgnantiaca e byl E e (caandronsth Y Kb RITepPasent ed
by ke formila, (41, Lhe compound represented by the formy s (44) is an
(each isomer), pentylcyclohexane (each isomer) and hexylcyclohexane
(each isomer); groups derived from dialkyl-substituted cyclohexanes
such as dimethylcyclohexane (each isomer), diethylcyclohexane (each
isomer) and dibutylcyclohexane (each isomer); groups derived from
20 trialkyl-substituted cyclohexanes such as 1,5,5-trimethylcyclohexane,
1,5,5-triethylcyclohexane, 1,5,5-tripropylcyclohexane (each isomer) and
1,5,5-tributylcyclohexane (each isomer); groups derived from
monoalkyl-substituted benzenes such as toluene, ethylbenzene and
propylbenzene; groups derived from dialkyl-substituted benzenes such

25 as xylene, diethylbenzene and dipropylbenzene; and groups derived

from aromatic hydrocarbons such as diphenylalkane and benzene.
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15ureido (if X4 is an oxygen atom or an N-substituted thioureido (if X4 is
a sulfur atom. [0030] The organic primary am ne represented by the fornula
(14) is 1) an aronmatic organic primary nonoam ne where R3 is a group
having 6 to 85 carbon atons which contains one or nore optionally

20al i phatically and/or aromatically substituted aromatic rings, the
aromatic ring in R3 is substituted with an NH2 group, and a is 1, 2) an
aromatic organic primary polyam ne where R3 is a group having 6 to 44
carbon at onpaphtifhr CORARLIS dRelRle _ﬂ%}*o%pgptdeﬁ%til Vr@hl AatansédhlyYer@nd/ or
aromatically substituted aromatic rings, the aromatic ring in 'S
25substi t ut pHemilehean NiPhaiydgRihand a totuchddr ®fdoh®&aned) afylahiphatic
organic primary polyam ne where R3 i's an optionally aromaticdlly

subst i t ut ednadthplgiclshexaaupisophbrendan® didydehdoyingdthase. and a is 2 or 3.

[ 0031] The organic primary am ne where the atom (preferably a carbon atomn
wi th an NH2[@H38{pThenldedoxyeceimpoundcianiaidlesholnopnnasemaitic hyalrokpg is
descri bed as an aromatic organic am ne, and the organic primry am ne where
such5an at oconponoidaddti b tlenhadxy eminpbyndas harcotadl, itnsarcanpoandc ring
I's described as an aliphatic organic am ne. [0032] Exanples of such R3

i ncl ude | i negprebgteddar therfodlosvipg fonmmlas! 5):

[Chemical Formula 19]

R3~(-OH )c

wherein R® represents an aliphatic group having 1 to 44 carbon atoms,

(15)

10 or a group having 7 to 44 carbon atoms and composed of an aliphatic
group with an aromatic group bonded thereto, which is substituted with
¢ hydroxy group(s), and c represents an integer of 1 to 6, provided that
R’ is a group having active hydrogen only in the hydroxy group(s), and
the -OH group of the alcohol represented by the formula (15} is an -OH

15 group not bonded to the aromatic group.

[0034] Preferred examples of R? in the formula (15) include a methyl
group, an ethyl group, a propyl group, a butyl group, a pentyl group, a
hexyl group, a heptyl group, an octyl group, a nonyl group, a decyl
group, a dodecyl group, an octadecyl group, a cyclopenty! group, a

20 cyclohexyl group, a cycloheptyl group, a cyclooctyl group, a
methylcyclopentyl  group, an  ethylcyclopentyl  group, a
methylcyclohexyl group, an ethylcyclohexyl group, a propyleyclohexyl
group, a butylcyclohexyl group, a pentylcyclohexyl group, a
hexylcyclohexyl  group, a  dimethylcyclohexyl group, a
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met hyl ene, di nethylene, trinethyl ene, tetramethyl ene, pentanethylene, 10
hexanet hyl ene and oct anet hyl ene; groups derived from =substituted alicyclic
hydr ocar bons such as cycl opentane, cycl ohexane, cycl oheptane, cycl ooctane
and bi s(cycl ohexyl)al kane; groups derived from al kyl -substituted

cycl ohexanes such as nethyl cycl opent ane, ethyl cycl opent ane,

nmet hyl cycl ohexane (each isoner), ethylcycl ohexane 15 (each isoner),
propyl cycl ohexane (each isoner), butyl cycl ohexane (each isomer),

pent y! cycl oligtBYR-yehsitkyi 9068 knanddfiexylokRiRhexansyp.each | sorer); groups

derived from dial Kyl -substituted cycl ohexanes slUch as di met hyl cycl ohexane
(each isonme[0033]i Spbyifky c:ahexieee ofededh lseRBl ) haridgdisheh YREY ¢halngyane

(each isoner); groups derived from 20 trialkyl-subsStituted cycl ohexanes

such as 1, Spfethaholt biHaewt| ghrepansl, bubtarkl! Bﬂ@ﬁﬁﬂdﬂ?ygbﬁiﬁﬂanﬁemaﬁol,
1,5,5-tripropyl cycl ohexane (each isonmer) and 1,5, 5-tri but yi cycl ohexane

(each i sonepgtangl oupsna®l] véekdnodm dedwanky, -cubdédanel edrgopemasosuch as
t ol uene, ethyl benzene and propyl benzene; groups derived from

di al Byl - subsyclohierdnbgnz epeloheptdnclpascyoibectanoti etnwythiybnadopemadol,

di propyl benzene; and groups derived from aromati c hydrocarbons such as

di phenyl al ketlyylaycdopentaeiné,  Paméthylaclexempiods i ncletiddcyclmirsadel,i ved
from hexanet hyl ene, phenyl ene, di phenyl net hane, tol uene, cycl ohexane,

xyl enyl, mephypyyptimhexanel, i sopbutyberclahexatialy cl ohgeptyteybbiexanol, [ 0033]
The hydroxy conpound is an al cohol or an aromatic hydroxy 5 conpound, and
i f the hydrbgyyleyepehemxdnos an dimethylcyclohdsammlconpdietiaylcygpradsxanel by t he
follow ng fornula (15}%: [ Chemical Fornula 19] R3-{ OH) 1 5) wherein R3
represents dibuylgpicdehexapobup havtringethyladbuienear bon imethylolpgopane gr oup
having 7 to 44 carbon_atons and conposed of an aliphatic group with an
arorélt i ¢ gr bimetaylodthaner epsntagaydhitod, s @iwesrolit edimimathylokpiepase,
group(s), and c represents an.,integer of 1 to 6, provided that R3 is a
group havin ll%fmtﬁ@lé’ﬂhmﬂﬂog@fbﬁﬁﬂay manniel, hyaglyeerels otipedyl, smpthriel,- o4

Domind’t o 1 Adonttahaibior gaitol (yxitol). xylfolind dufciol Gaftitsial). 19" 4P "ot
[0036] Examples of R’ also include a phenylmethyl group, a
phenylethyl group, a phenylpropyl group, a phenylbutyl group, a

15 phenylpentyl group, a phenylhexyl group, a phenylheptyl group, a
phenyloctyl group and a phenylnonyl group.
[0037] Specific examples of the alcohol having such R’ include
phenylmethanol, phenylethanol, phenylpropanol, phenylbutanol,
phenylpentanol, phenylhexanol, phenylheptanol, phenyloctanol and
20 phenylnonanol.
[0038] Among the above-described alcohols, an alcohol having 1 or 2
alcoholic hydroxy group(s) (hydroxy group(s) forming the hydroxy
compound and directly added to a carbon atom not in the aromatic ring)
is preferred due to a generally low viscosity, and a monoalcohol having
25 one such alcoholic hydroxy group is more preferred, in terms of

industrial use.
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[0034] Preferred exanples of R3 in the fornmula (15) include a nethyl group,
an ethyl group, a propyl group, a butyl group, a pentyl group, a hexyl
group, a heptyl group, an octyl group, a nonyl group, a decyl group, a
dodecyl group, an octadecyl group, a cyclopentyl group, a 20cycl ohexyl
group, a cycl oheptyl group, a cyclooctyl group, a nethylcycl opentyl group,
an et hyl cycl opentyl group, a nethylcycl ohexyl group, an ethyl cycl ohexyl
group, a propyl cycl ohexyl group, a butylcycl ohexyl group, a

pentyl cycl ofEo3d] ﬂrﬁéﬁ@% tBetSa SNGI ONEXNO] BAGHR, 1 30D OMREFOL HEd Al ayY !
group, a drethylcycl ohexyl group”and a di butyl'cycl ohexyl group. [0035]

Speci fi c exprafeR®doin fehmsad Cavsilabityy, nolbitiy BT thechud mdretifaaed thet hanol ,

propanol , butanol, pentanol, hexanol’, heptanol, octanol, nonanol, decanol,
dodecanol , Pﬁd@ﬁﬁcmﬁ;e Hiel opent anol , 5cycl ohexanol , cycl ohept anol,
cycl ooct anol , net hyl cycl opent anol ,

et hyl cycl opfra40iolf ﬂhietlt}xdroxFl@imep@mm i@ﬁﬂmi-@matiol}g»danﬂy compound, the

propyl cycl ohexanol , but yl cycl ohexanol , pent yl cycl ohexano

hexylscycl ohhydrmty dompobytdy el cdmepannd rejprestyiedyint tiivefcdioling formula

di butyl cycl ohexanol , tri net hyl ol but ane, t ri net hyl ol pr opane,

10t ri net hyl o1&t hane, pentaerythfitol, glycerol, ditrinethylol propane,

di pentaerythritol, sorbitol, mannitol, diglycerol, threitol, erythritol,
adoni tol (r[Ghewiygl Bormmilad0](1 yxitol), xylitol and dulcitol (galactitol).
[ 0036] Exanples of R3 also include a phenyl met hyl group, a phenyl et hyl

group, a phen;(l %P'O)I group, a phenyl butyl group, a
d

(186)

wherein Ring A represents an organic group containing 6 to 44 carbon
10 atoms which contains an aromatic group substituted with d hydroxy

group(s) at any position(s) so that aromaticity is retained, and may be a

single ring, a plurality of rings or a heterocycle, or may be substituted

with other substituents, and d represents an ingeger of 1 to 6.

[0041] Ring A is preferably a structure containing at least one structure
15 selected from the group consisting of a benzene ring, a naphthalene ring

and an anthracene ring. More preferably, Ring A is a structure

containing at least one benzene ring.  Ring A is also preferably a group

having active hydrogen only in the hydroxy group(s).

{0042] The hydroxy group bonded to the aromatic group in Ring Ais a
20 hydroxy group bonded to a carbon atom of the aromatic group in Ring

A. The number of the hydroxy group(s) is 1 to 6, preferably 1 to 3,

more preferably 1 to 2, and still more preferably 1 (i.e., d = 1).
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15phenyl pentyl group, a phenyl hexyl group, a phenyl heptyl group, a

phenyl octyl group and a phenyl nonyl group. [0037] Specific exanples of the
al cohol having such R3 include phenyl net hanol, phenyl et hanol ,

phenyl propanol , phenyl but anol, phenyl pentanol, phenyl hexanol,
phenyl hept anol , phenyl oct anol and 20phenyl nonanol . [0038] Anong the
above-descri bed al cohols, an al cohol having 1 or 2 al coholic hydroxy
group(s) (hydroxy group(s) form ng the hydroxy conpound and directly added

| ow vi ccost 1 s L g R Ay "o oup
s more pr ety yIgHenél £éms%etﬁgﬁﬁiﬁy @geﬁ@egea&p@%e TOpgy LIRSl an

al kyl al cohol Vi ng to 20 carb referred i'n te

avai | abi | i t yeaolseRhbr)! IR d1aWabRLiSSHRY fgerislo@ueh @m: he 1ike.
[0040] If t eea hydroxy)cgeﬁ%’ l%d isa%@rell arlomatl)c hyairlgxy cg(rdrzgounlg trye

[53/'2 :n 0>C<Zl | cggr@%ungeﬂ%%I] @?mm@r)' s endieplphtad] Rratihdsd@lel pnemaylsiiendla (16):
5 (each isomer), dimethylphenol {each isomer), methylethylphenol (each
isomer), methylpropylphenol (each isomer), methylbutylphenol (each
isomer), methylpentylphenol (each isomer), diethylphenol (each
isomer), ethylpropylphenol (each isomer), ethylbutylphenol (each
isomer), dipropylphenol (each isomer), dicumylphenol (each isomer),
10 trimethylphenol (each isomer), triethylphenol (each isomer) and
naphthol (each i1somer).
[0044] The aromatic hydroxy compound is preferably an aromatic
monohydroxy compound having one hydroxyl group directly bonded to
the aromatic hydrocarbon ring forming the aromatic hydroxy
15 compound. Although an aromatic hydroxy compound having two or
more hydroxyl groups directly bonded to the aromatic hydrocarbon ring
forming the aromatic hydroxy compound may be used as such an
aromatic hydroxy compound, it is preferred that one hydroxyl group be
directly bonded to the aromatic hydrocarbon ring, because the aromatic
20 monchydroxy compound generally has a low viscosity.
[0045] The thiol is preferably a compound represented by the following
formula (17):
[Chemical Formula 21}

RS'GSH )e

(17)
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(16 ) wherein Ring A represents an organic group containing 6 to 44
carbon 10atons which contains an aromatic group substituted with d hydroxy
group(s) at any position(s) so that aromaticity is retained, and may be a
single ring, a plurality of rings or a heterocycle, or may be substituted
wi th other substituents, and d represents an ingeger of 1 to 6. [0041] Ring
Ais preferably a structure containing at |east one structure 15 selected
fromthe group consisting of a benzene ring, a naphthal ene ring and an
ant hracene wingeinMR? eepresbersai wlipRatig group ladhgUctode eaboal stongs,at | east
one benzene ring. Ring Ais also preferably a group having active hydrogen
only in theohwdgmup having( %)to 4De4horThacorhy dmaxyomiposed hxfrwtedlighatibe
aromatic group in Ring Ais a 20 hydroxy group bonded to a carbon at om of
the aronati grarpwitli anRromatic gioapnbomded teretre vilyidhaxsugsttpéd)wits 1 to 6,
preferably 1 to 3, nore preferably 1 to 2, and still nore preferably 1
(i.e., d = ¢)sulfliyabyBlerspptd)f ithe eSkingrenpi of ltheldhpilerepireseraedybyphthaol (each
i soner), ethylphenol (each isoner), propylphenol (each isoner), butyl phenol
(each i somefdrmilantiyl) gk emotSHegisip sohbolded désythe eanlaticegip, sonke )
octyl phenol (each isoner), nonyl phenol (each isoner), cunylphenol 5 (each
i soner), di lrEsepRendniqgsach i sodeprovided nyatdRBys ptaraop Navaep activeer ) |
nethylpropprEenol (each isoner), methylbutyl phenol (each isoner),

B

met hyl pent yhpaeagsm orlych theswbiydryl gradwa(phenol (each i soner),
et hyl propyl phenol _(each is r.),. et hyl butyl phenol (each isoner),
di pr opyl pheEQQ‘I“((aeEEﬁmIﬂ%?@E?{% iarlodleyd preshipl eraaus mnj gBxbgyoup, a propyl

10t ri met hyl phenol Eea(ih i soner), tfi et hyl pheno] (each Lso&&r) and napht hol
(each i someRyOuR,coButy ligieuRy srRanty! BYRIDXE NEVIHBIHD: & BRI diraBPy aan

aromati ¢ nonohydr oxy conpound havi ne hydroxyl group directly bonded to
TB octyl group, a ngﬁyfj group, a c?gcy? grou%, a doéecy gro%p, an octagecy

group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, a
cyclooctyl group, a methylcyclopentyl group, an ethylcyclopentyl
group, a methylcyclohexyl group, an ethylcyclohexyl group, a
propylcyclohexyl group, a butylcyclohexyl group, a pentylcyclohexyl
15 group, a hexylcyclohexyl group, a dimethylcyclohexyl group, a
diethylcyclohexyl group and a dibutylcyclohexyl group.
[0047] Specific examples of the thiol having such R’ include
methanethiol, ethanethiol, propanethiol, butanethiol, pentanethiol,
hexanethiol, heptanethiol, octanethiol, nonanethiol, decanethiol,
20 dodecanethiol, octadecanethiol, cyclopentanethiol, cyclohexanethiol,
cycloheptanethiol, cyclooctanethiol, methylcyclopentanethiol,
ethylcyclopentanethiol, methylcyclohexanethiol, ethylcyclohexanethiol,
propyleyclohexanethiol, butyleyclohexanethiol, pentylcyclohexanethiol,
hexylcyclohexanethiol, dimethylcyclohexanethiol,
25 diethylcyclohexanethiol and dibutylcyclohexanethiol.
[0048] Examples of R’ also include a phenylmethyl group, a
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the aromatic hydrocarbon ring formng the aromatic hydroxy 15 conpound.

Al t hough an aromatic hydroxy conpound having two or nore hydroxyl groups
directly bonded to the aromatic hydrocarbon ring formng the aromatic

hydr oxy conpound may be used as such an aromatic hydroxy conpound, it is
preferred that one hydroxyl group be directly bonded to the aromatic

hydr ocarbon ring, because the aronatic 20nonohydr oxy conpound generally has
a low viscosity. [0045] The thiol is preferably a conpound represented by

the fol | owi phchgyla dkdiy; d Gtemaplofsar gy 2 pRenéiESliyl grol, asherein
g )

R3 represents an aliphatic group havin 4 carbon atons, or ‘a group

havi ng 7 tOpHén%l@'ehqﬂ atons, angheapiesed gfougn) &l piadratihepgidogrowp,th an

aromati c group bonded thereto, which is substituted with e sul fhydryl

group(s), tpheﬁﬂdcwl%mupfamphbhplndr@r}blgesapu ed by the 5 fornula (17) is
an -SH group not bonded to the aromatic group, and e represents an integer
of 1 to 3, po@AQ]dBdeciimt E&Rmples gruthehathioly hatinge duedr dgéninclygei n t he
sul f hydryl group(s). [0046] Exanples of R3 include a nmethyl group, an ethyl

group, a prppyhybmethpnethiolit yl gpbempylethgnethipl, gr oupheayhmopangtinoh, a
heptyl group, an 10 octyl group, a nonyl group, a decyl group, a dodecyl

group, an ophedglbyitanpthigd, a cyphepylpeptanptbigld, a cyphehpiheixagethipl, a

cycl oheptyl group, a cyclooctyl group, a nethylcyclopentyl group, an

et hyl cycl op® egyl}@pmthwlanleytamﬂmyan@rpzwpylrmna@@ﬁybbyc| ohexyl group,
a propyl cycl ohexyl group, a_ butylcycl ohexyl group, a pentylcyclohexyl 15
group, a hek§02jcAsnerg theboye-deseribsdfilelyc rdhilyhajagubor® thiolic

di et hyl cycl ohexyl %roup and a _di butyl cycl ohexyl ,group. [ 0047] Specific
exanpl es. of SEHBYERIlroRa(I G uToNIre rawupshdorming the thiol and directly

10 added to a carbon atom not in the aromatic ring) is preferred due to a
generally low viscosity, and a monothiol having one such thiolic
sulthydryl group is more preferred, in terms of industrial use.

[0051] Among these, an alkylthiol having 1 to 20 carbon atoms is
preferred in terms of availability, solubility of the raw material and the

15 product, and the like.

[0052] The aromatic thiol is preferably a compound represented by the
following formula (18):

[Chemical Formula 22]

(SH)f

(1 8)

20 wherein Ring A represents an organic group containing 6 to 44 carbon
atoms which contains an aromatic group substituted with f sulfhydryl

group(s) at any position(s) so that aromaticity is retained, and may be a
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met hanet hi ol , et hanethiol, propanethiol, butanethiol, pentanethiol,
hexanet hi ol , heptanet hiol, octanethiol, nonanethiol, decanethiol,
20dodecanet hi ol , octadecanet hiol, cycl opentanethi ol, cycl ohexanet hi ol ,
cycl ohept anet hi ol , cycl ooct anet hiol, nethyl cycl opent anet hi ol ,

et hyl cycl opent anet hi ol , net hyl cycl ohexanet hi ol , et hyl cycl ohexanet hi ol ,
propyl cycl ohexanet hi ol , butyl cycl ohexanet hi ol , pentyl cycl ohexanet hi ol ,
hexyl cycl ohexanet hi ol , di et hyl cycl ohexanet hi ol , 25di et hyl cycl ohexanet hi ol

and di butyl ejgllehaxanebiiality b¥348ds Bxankéfodicl&3orhes bacubdanaed
phenyl met hyl group, a "~ phenyl et hyl ™ group, a phenyl propyl group, a

phenyl but yl vdtloutherauBbeRidnee Hndl £ @peedbnt@aR sy drof] t@boup, a
phenyl heptyl group, a phenyloctyl group and a phéenyl nonyl group.

[0049] Spec{h®%3leRanp! s Ffeféfwblym strudtayé oensleingRS leas! oke structure
5phenyl met hanet hi ol , phenyl et hanet hi ol , phenyl pr opanet hi ol ,

phenyl but anstlectdd froenhpgrignesidisting ofaybdrexaseaim,d napbajdreerihanet hi ol ,
phenyl oct anet hi ol and phenyl nonanet hiol. [0050] Anbng the above-descri bed
thiolds, a thndl amaaritheacknerridg) kindl mworsupfdfiechblly, RingpAs]s Esutrbbtideyl
group(s) formng the thiol and directly 10added to a carbon atomnot in the
aromati c ri nghtalising &fleasteshalbenzemeariggne RihpyA livalsoi metaiably a@rdup
nonot hi ol havi ng one such thiolic sulfhydryl group is nore preferred, in

terms of i nlasing attiveskydic@esiinixinribe shbbydrangmiupysk hi ol having 1 to 20
carbon atons is preferred in terns of availability, solubility of the raw
mat eri al anf0@¥& The sulthydryl group bonded to the aromatic group in Ring A is

a sulfthydryl group bonded to a carbon atom of the aromatic group in
10 Ring A. The number of the sulthydryl group(s) is 1 to 6, preferably 1
to 3, more preferably 1 to 2, and still more preferably 1 (i.e., f=1).
[0055] Specific examples include benzenethiol, methylbenzenethiol
(each isomer), ethylbenzenethiol (each isomer), propylbenzenethiol
(each isomer), butylbenzenethiol (each isomer), pentylbenzenethiol
15 (each isomer), hexylbenzenethiol (each isomer), octylbenzenethiol (each
isomer), nonylbenzenethiol (each isomer), cumylbenzenethiol (each
isomer), dimethylbenzenethiol (each isomer), methylethylbenzenethiol
(each isomer), methylpropylbenzenethiol (each isomer),
methylbutylbenzenethiol (each isomer), methylpentylbenzenethiol (each
20 isomer), diethylbenzenethiol (each isomer), ethylpropylbenzenethiol
(each isomer), ethylbutylbenzenethiol (each 1somer),
dipropylbenzenethiol (each isomer), dicumylbenzenethiol (each
isomer), trimethylbenzenethiol (each isomer), triethylbenzenethiol (each
isomer) and naphthalenethiol (each isomer).
25 [0056] The aromatic thiol is preferably an aromatic monothiol

compound having one sulfhydryl group directly bonded to the aromatic
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15product, and the like. [0052] The aromatic thiol is preferably a conpound
represented by the followng formula (18): [Chem cal Formula 22] ( 1 8)
20wherein Ring A represents an organic group containing 6 to 44 carbon
atonms which contains an aromatic group substituted with f sul fhydryl
group(s) at any position(s) so that aromaticity is retained, and may be a
single ring, a plurality of rings or a heterocycle, or may be substituted
with other substituents, and f represents an ingeger of 1 to 6. [0053] Ring

A is prefer abliyochrbbhUshyr RraAng ahel AbmAtié §BRI]. ONElEohME ta arG@haet ed from
the group consisting of a benzene ring, a naphthalene ring 5 and an

ant hracene ¢hiod, haifgawe &F eheFkuYfhydiyio Tgfoﬁ%s glipddtic thoneledons ahpi ng at
| east one benzene ring. Ring Ais alsd preferably a gfoup having active

hydr ogen onkyormatit Heydrotatholr ¥ingafauiiag) thel £Qpddtid igios uhbhhysly vkedragup
bonded to the aromatic group in Ring Ais a sulfhydryl group bonded to a
carbon at onmsuth tahearangatid tidofrawprémafiORhitd Haviipel owdbeuctosulthedsyl f hydryl

group(s) is 1 to 6, preferably 1

5 groups is preferred because it generally has a low viscosity, and an
aromatic monothiol having one such sulthydryl group is more preferred.

[0057] When X® in the formula (14) is a group represented by the

formula (3), R' is an organic group, and the compound represented by

the formula (14) containing such an organic group may be a monomer

10 or a polymer. In terms of distillation separation, R' is preferably an
organic group having 1 to 44 carbon atoms, and more preferably an

alkyl group such as a methyl group, an ethyl group, a propyl group

(each isomer), a butyl group (each isomer), a pentyl group (each

isomer), a hexyl group (each isomer), a heptyl group (each isomer), an

15 octyl group (each isomer), a nonyl group (each isomer), a decyl group
(each isomer), an undecyl group (each isomer) or a dodecyl group (each

isomer); a cycloalkyl group such as a cyclopentyl group, a cyclohexyl

group, a cycloheptyl group, a cyclooctyl group, a cyclononyl group or a
cyclodecyl group; or an aromatic group such as a phenyl group, a

20 methyl-phenyl group (each isomer), an ethyl-phenyl group (each
isomer), a propyl-phenyl group (each isomer), a butyl-phenyl group

(each isomer), a pentyl-phenyl group (each isomer), a hexyl-phenyl

group (each isomer), a heptyl-phenyl group (each isomer), an
octyl-phenyl group (each isomer), a nonyl-phenyl group (each isomer),

25 a decyl-phenyl group (each isomer), a dodecyl-phenyl group (each

isomer), a phenyl-phenyl group (each isomer), a phenoxy-phenyl group
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to 3, nore preferably 1 to 2, and still nore preferably 1 (i.e., f = 1).

[ 0055] Specific exanples include benzenethiol, nethyl benzenethiol (each

i soner), ethyl benzenethiol (each isoner), propyl benzenethiol (each isoner),
but yl benzenet hi ol (each isoner), pentyl benzenethiol 15 (each isoner),

hexyl benzenet hi ol (each isoner), octyl benzenethiol (each isoner),

nonyl benzenet hi ol (each isoner), cunyl benzenethiol (each isoner),

di met hyl benzenet hi ol (each isoner), nethylethyl benzenethiol (each isoner),
met hyl pr opy|&eiz RoetdH) 04 dueegibph&eTes foupTRiaH! i@@hﬁrg%éﬁﬂ@tﬂyl%hé@ﬁf?h

i soner), nethyl pentyl benzen€et hi ol (each 20i soner), diethyl bénzenethi ol
) {each isomer), a

(each isone t iyddd ofgy)hlg@i);egetdjém 1.(1«_%@1 [i
et hyl but yl bgggﬁe?hi ol (each’isoner), Iydi progyl genzenet hi ol (each isoner),
di cuny! benz ijeiobidipheagt eroapsdch fisbmet)iva beibueylephinnyl pragh (caoher).
triethyl benzenethiol (each isoner) and napht hal enethiol (each isoner).
25[ 0056] Thisc&n@:r)paicﬁpbﬂiﬁyblpheﬂybgﬁlﬁ@p ébdoh moneerm dileexyisitdnyd|groappound

havi ng one sul fhydryl group directly bonded to the aromatic hydrocarbon

ringSf or m ngeddheisanmrita dilelpicel-phasttinpmogp (eaclkrisimer)c a diplaényHaphergylt wo or
nore sul fhydryl groups directly bonded to the aromati c hydrocarbon ring

f or m ng t hegavuprafdacht hiahenaya bdipheesxysplserg  @moap ofedhc istier), an
aromatic thiol having 1 or 2 such sulfhydryl 5 groups is preferred because

it general | dicdiwayaphonyhgxsgs{dagh iaathenp anaphthyc gromp(edad iseavémgrone such
sul fhydryl group is nore preferred. [0057] When X6 in the fornmula (14) is a

group repr esenedylmaphbiaylf gnowgl (ga¢B)somRer) s an organic group, and the
conpound represented by the fornula (14) containing such an organi c group
may be a no | Exemiples obltheeN-snhstiited edrbeimici prigk iastersdpelugei on, R
is pref erablg; an organi ¢ group having 1 to 44 carbon atons, and nore

pr eflér abl yh .Mwﬂgdb’&'pblg}@@tbﬁﬁl% met EﬂCi@roup, étphﬁﬂi’}: gr oupstes pLopyI
R S b s
i so?/rer )g agiﬁ%%yﬁaﬁﬁ,%§ggﬁ%§&%ﬁb§lg& aaifﬂé@%ﬁpé%ﬁa e(séé‘c(?gﬁcgoﬁer) . a
cyel ohept yl TENEER: - Soadieaantd M ieusroangs o keRon PGIOUEIER S Eidfodecy!
i i T TR

ar odp EEZEE(%%&”%F%}@S, Iﬁé&%bf&%%l—ﬁisg” ea%@;%i;é %%;ylﬁhﬁﬁgi)ﬁsi Egﬂi:
roup ( sach (rEgnEPiedeN NekeranRiky bR Pe s e Ry R ah el pheny!

ar oup (each (2™ JsorfeBNMipRARTY! 9UHRhGRAHR- BRI HexyReABERRLY, Pheny!

di(methylphenyl) 4.4'-methylene-dicyclohexylcarbamate,
di(ethylphenyl) 4,4'-methylene-dicyclohexylcarbamate,
20 di(propylphenyl) 4,4'-methylene-dicyclohexylcarbamate (each isomer),

di(butylphenyl) 4,4'-methylene-dicyclohexylcarbamate (each isomer),
di(pentylphenyl) 4,4'-methylene-dicyclohexylcarbamate (each isomer),
di(hexylphenyl) 4,4'-methylene-dicyclohexylcarbamate (each isomer),
ditheptylphenyl) 4,4'-methylene-dicyclohexylcarbamate (each isomer),
25 di{cumylphenyl) 4,4'-methylene-dicyclohexylcarbamate (each isomer),
3-(phenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarbamic
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(each isoner), a cunyl-phenyl group (each isoner), a dimethyl-phenyl group
(each isoner), a diethyl-phenyl group (each isoner), a dipropyl-phenyl
group (each isoner), a dibutyl-phenyl group (each isoner), a

di pentyl - phenyl group (each isomer), a dihexyl-phenyl group 5 (each

i soner), a diheptyl-phenyl group (each isoner), a diphenyl-phenyl group
(each isoner), a diphenoxy-phenyl group (each isoner), a dicunyl-phenyl
group (each isoner), a naphthyl group (each isoner) or a methyl-naphthyl
group (eachggglomer). [0058] ExanplespﬁénﬁﬂmaP+substituted carbagmﬁnacid
ester include 10 N, N1-hexanedi yl-bi's-carbam c acid di phenyl ester,

N, N1- hexane@i(nhethiyfplediogthebdasilgmihd-meéthyl PRENY Hintaheloychstedk ysgmer ) ,

N, N - hexanedi yl - bi s-carbam ¢ aci d di (et hyl phenyl) ester (each i'somer),

N, N' - hexanebalie bi s-sddbam ¢madidpHetpxppy! pheterl ) eséh (eadhomse)er),

N, N - hexanedi yl - bi s-carbam ¢ aci d di (butyl phenyl) ester 15 (each ’isoner),
N, N- hexanedB{bt}kgilpheﬂmbyxmrboayiadnidlioémﬂnylP-rﬂj&ﬁytr)meﬁI)éCycﬂehehylca@b@r) ,

N, N - hexanedi yl - bi s-carbam ¢ aci d di (cunyl phenyl) ester (each isoner),

di phényl 4, gfienet hydede- di c{ethyhshenidar banesesr (each isomer),

di (et hyl phenyl ) 4, 4' - net hyl ene- di cycl ohexyl car banat e,

di (et hyl phedy(prdp¥lphenokytabenylayricehethyBed, badrtimethPoydiohexypsdrphenyl )

4, 4" -met hyl ene-di cycl ohexyl carbamate (each isoner), di(butyl phenyl)
4, 4" - et hy| bamidi cycheidexy! carbpyipthenybach iesteter ), @iachent yliptiey),)
4, 4" - met hyl ene-di cycl ohexyl car bamate (each isoner), di (hexyl phenyl)
4, 4' - et hyl éf(@uwly}é@n@hﬁc@rb@ammmmﬁlaﬂaﬁ,éginﬁnm,eﬂwl(:ﬁ kyhearba )
4, 4" - met hyl ene-di cycl ohexyl car bamat e (each isoner), 25di (cumyl phenyl)
4, 4' - met hyl BHE- di cyatidhexy! Coutybphanylf each gsé&mer ), (gach isomer),

- (phenoxycar bonyl anj no-nethyl)-3 ,5 ,5-trinethyl cycl ghexyl carbam c
a((: Pégh e ng | e%t(@@%tggllenoxycargox)lylammo-methyl)—3 .5 ,% —tr}/methylc:}xclohexylcarb

- (et hyl phenoxycar bony| am ng-net hyl ) - 3, 5, 5-tri net hyl cyc] ohexyl car bam c
acid (et hy?@h%noxy)acgit er ZE%N?PW&)) , 3ester (each 1somer),

oL ey g ol A e L Sheihy A SRR A fage S e

3- (propylphenoxycar bonylanm no-net hyl) -3, 5, 5-tri net hyl cycl ohexyl car,_ bam c
acid (propyfenyl) aé%‘?er (Qﬁwf@éﬁ%ﬂ), 3 ester (each 150mer),

(U1 prengy caphonu sl aoe et L 3 4 SRS SRR Rl e
- (Pggtyl phepoxycarbopyy am ”?ﬁé’;‘?ﬁyﬁ‘ﬁ’ﬂéﬁﬁ)’ 5 Skl et hyde%ﬁl ohexyl g X
3-(cumylphenoxycarbonylamino-methyl)-3,5,5-trimethylcyclohexylcarb
amic acid (cumylphenyl) ester (each isomer), toluene-dicarbamic acid
diphenyl ester (each isomer), toluene-dicarbamic acid di{methylphenyl)
ester (each isomer), toluene-dicarbamic acid di(ethylphenyl) ester (each
20 isomer), toluene-dicarbamic acid di(propylphenyl) ester (each isomer),
toluene-dicarbamic  acid  di(butylphenyl) ester (each isomer),
toluene-dicarbamic acid di(pentylphenyl) ester (each isomer),
toluene-dicarbamic acid di(hexylphenyl) ester (each isomer),
toluene-dicarbamic acid  ditheptylphenyl) ester (each isomer),
25 toluene-dicarbamic acid di(octylphenyl) ester (each isomer),

N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic acid diphenyl ester,
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am c acid (pentyl phenyl) ester (each isonmer), 3

- (hexyl phenoxycar bonyl am no-nethyl )-3 ,5,5 -trinethyl cycl ohexyl carb am c
acid (hexyl phenyl) ester (each isoner), 3 ,
- (hept yl phenoxycar bonyl am no-nmethyl )-3,5,5 -trinet hyl cycl ohexyl carb 15 am ¢
acid (heptyl phenyl) ester (each isoner), 3

- (cunyl phenoxycar bonyl am no-nethyl )-3 ,5,5 -trinethyl cycl ohexyl carb am c
acid (cunyl phenyl) ester (each isoner), toluene-dicarbam c acid di phenyl
ester (eaChN,Nr(ﬂyé?'wmé@iah_@ﬂﬁylQ!iﬁﬁéﬂﬁlﬁlﬁs@&bdnﬁb(r@ﬁ&ympﬂéﬂiﬂgﬁéhgg (each
i soner), toluene-dicarbam c acid di(éthyl phenyl) ester (each 20 i5oner),

t ol uene- di cagfeam c aciN,Ni-ygabﬂﬂt@ﬁ%ﬁ%hdﬁﬂi&@d}@?&hﬁe&ﬁmr) ., acid

t ol uene-di carbam ¢ acid di (butyl phenyl) ester (‘each i somar)lig

t ol uene- di cahi%ahny’l hagyld degeent W pigdyd' ) megiasgedydadiphes iscarbamic

t ol uene-di car bam ? ac?jg di (hexyl pheﬁy% ester (e}gchpi sojr)gf?,

t ol uene-di caclthmi ¢ aci d di (hept ydiipeoyylpheavBr (each isoner), ester,

25t ol uene-di carbam c acid di (octyl phenyl) ester (each isomer),

N, N 54, 4' - NeNt{Aetinathanptiniydiphengbdiibearbarsci d adidbhedi(buegipaenyl)

, N1- (4, 41- met hanedi y1- di pheny1) - bi scarbam ¢ aci d di ( net hyl phenyl ? ester,
, N - (4, 4" - geehanedi yINdVp@bAytiethdsashy bdphenyt)-tistaftearhyd phenyl dcidst er,

, N - (4, 4" -net hanedi yl - di pheny1) - bi scar bani ¢ aci d di;tilproi)yl_phenyl ) ester,
(4, 4" difpentipbenyDdigsteny N NBi(detirmathanedtyledighehyt)ybisbaranicest er
N - (4, 4' -met hanedi y1-di phenyl) - bi scarbam c_acid di (pentyl phenyl) ester,
N - (4, 4' - gstchanedi yl - di pheny1) -di{egiphen)aci d di Eﬂexyl lphﬁnybi;t)east er,
N, N1- (4, 41- et hanedi y1- di phenyl) - bi scarbam c acid di (heptyl pheny

Toest r andNN. (4 dbid abanaadigibbeanyerisabrmear o caieniippeypneny )
ester (each isoner). [0059] The above-described N-substituted carbam c aci
est étos( may @éteﬁsed)a@dLgl Wbﬂ'“(%4'almmi-@kpfmﬁkﬁlS@ﬁrbﬁm@a [ 086d]

Exanpl es of the ubstituted O-substituted thiocarbam c acid 15 ester

i nclmtjde N, Ndl@%gﬁgényb-%?@- AP ESOIBEN: ¢ aci d di (0- phenyl) est eE, )

N, N - hexanedj yl - bi s-t hi ocar,bam.c acj d di (0-net hyl phenyl,) ester (eac

i somer), N, ﬁédmgi‘@&%‘i%ii%cﬁm%ﬁgr%ﬁt uted %ﬁ%’?{rﬁc IEsteER Ny g’@t er
(each isone Locarbam c acid

r), N N, -hexanedi yl - bis-th
0t Coror opyt R SIEE B8 iR decart bispusian O Q%6 o Hote,
[0060] Examples of the N-substituted O-substituted thiocarbamic acid

1-(
-
- (

N, N -
- (
-

15 ester include N,N'-hexanediyl-bis-thiocarbamic acid di(O-phenyl) ester,
N,N'-hexanediyl-bis-thiocarbamic acid di(O-methylphenyl) ester (each
isomer), N,N'-hexanediyl-bis-thiocarbamic acid di(O-ethylphenyl) ester

(each isomer), N,N'-hexanediyl-bis-thiocarbamic acid
di(O-propylphenyl) ester (each isomer),
20 N,N"-hexanediyl-bis-thiocarbamic acid di(O-butylphenyl) ester (each

isomer), N,N'-hexanediyl-bis-thiocarbamic acid di(O-pentylphenyl)
ester  (each  isomer), N,N'-hexanediyl-bis-thiocarbamic  acid

di(O-cumylphenyl) ester (each isomer), di(O-phenyl)

4,4'-methylene-dithiocarbamate, di(O-methylphenyl)
25 4,4'-methylene-dicyclohexylthiocarbamate, di(O-ethylphenyl)
4,4'-methylene-dicyclohexylthiocarbamate, di(O-propylphenyl)
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20 N, N - hexanedi yl - bi s-thi ocarbam ¢ acid di (0-butyl phenyl) ester (each

i sonmer), N, N -hexanediyl-bis-thiocarbam c acid di(0-pentyl phenyl) ester

(each isoner), N, N -hexanediyl-bis-thiocarbam c acid

di (0- cunyl phenyl ) ester (eachi soner), di (0- phenyl)

4, 4' - met hyl ene-di t hi ocar bamat e, di (0- net hyl phenyl)

254, 4' - met hyl ene-di cycl ohexyl t hi ocar bamat e, di (0- et hyl phenyl)

" -met hyl ene-di cycl ohexyl t hi ocar banat e, di (0- propyl phenyl)

- et hy| anexdbeybharcl s asatiasRbageashi some(dachdi (0- bysyhppeny!)

' -met hyl ene-di cycl ohexyl t hi ocar bamat e (each isoner), di(0-pentyl phenyl)

- et hyl gi©-Bueylphehely | tliosRibABRE Rli¢pdohtRpRRIOcatbdRatexyeatirny ) 5

" -met hyl ene-di cycl ohexyl t hi ocar bamat e (‘each isoner), di (0-heptyl phenyl)
' - et hyl Boenel)c @fwnw}?hbﬁyﬁ)r harvah ethyeathdi Seistioxylthiofadbamatghenyl )

, 41- met hyl ene- di cycl ohexyl t hi ocar bamate (each isoner),

3- (phenoxyt fgaphar bonyl ani no- netikginer§, 5, 5-tri met hyl exdi{OAesyliphérogla 10

rbam c acid (0-phenyl) ester,

3- (mét hyl phédpdyethivbes-tdmylsinaxadthiotipamaie 5, 5- t r (eatbhyl| cyclisbheey),

| t hi ocarbam ¢ acid (0-nethyl phenyl) ester (each isoner),

3- (et hyl phedifdrheptydphémyly| adjdhroaethyteric) diRys] dheaxyiltheo tarbeyztehelepth

hi ocarbam c_aci d _(0-ethyl phenyl) ester (each isoner), ]

153- (pr opy! Hoeneryy t il Ceactybplydram) nd;4renéiyly]ers:-8icyclohemstthibcgrbanimgr y |

carbam c acid (0O-propyl phenyl) ester (each isoner), )

3- (butyl phe t hi ocar bonyl am no-net hyl )-3,5, 5-tri nmet hyl cycl dbeixagk},

hi ocarbam c_aci d (0-butyl phenyl) ester (each i sqnergn,bjp )

3- (pent yl phdr@kenpkpdue natamnarsraihy)-3 555 -simethelcyglahexybhioss 20

t hi ocarbam ¢ acid (0-pentyl phenyl) ester (each isoner),

3-( ﬂu@xyl pheﬂ@ﬁ@tchi ocar bonyl afgifo- net hyl ) - 3, &)-phenykket hyl cycl oheS&iEx, hi
bami [ - | phenyl t h i .
< (hept yi phariBis B IBORpIosh PR RERGP el 5313 reitwsiedsicnlesesy

t hi ocarbam ¢, aci d (0- heptyl phenyj) ester (each isoner .
fthmcarba(lmm Patid (Y)-;netﬁyﬁ)hegay ester )Ceach isomer),

P i el S R o
ArhADMDMAD

3-(ethylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyit
hiocarbamic  acid  (O-ethylphenyl)  ester  (each  isomer),
15 3-(propylphenoxythiocarbonylamino-methyl}-3,5,5-trimethylcyclohexyl
carbamic  acid  (O-propylphenyl)  ester  (each  isomer),
3-(butylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexylt
hiocarbamic  acid  (O-butylphenyl)  ester (each  isomer),
3-(pentylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
20 thiocarbamic  acid  (O-pentylphenyl) ester (each  isomer),
3-(hexylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexylt
hiocarbamic  acid  (O-hexylphenyl)  ester (each  isomer),
3-(heptylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
thiocarbamic  acid  (O-heptylphenyl)  ester (each  isomer),
25 3-(octylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexylt

hiocarbamic  acid  (O-octylphenyl)  ester  (each  isomer),
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253- (oct yl phenoxyt hi ocar bonyl am no-net hyl )-3, 5, 5-tri nmet hyl cycl ohexyl t

hi ocar bam caci d( 0- octyl phenyl ) ester (eachi soner), toluene-bis-thiocarbamc
acid di (0-phenyl) ester (each isomer), toluene-bis-thiocarbamc acid

di (0- et hyl phenyl ) ester (each isoner), toluene-bis-thiocarbamc acid

di (0-ethyl phenyl) ester (each isoner), toluene-bis-thiocarbamc acid

di (O- propyl phenyl) ester (each isoner), 5 toluene-bis-thiocarbamc acid
di (0- butyl phenyl) ester (each isomer), toluene-bis-thiocarbamc acid

di (0- pentyl pilesyébisshiekatieaait | aener Hi(Opheanpr bester hi(eseh bagbmery;i d

di (0- hexyl phenyl) ester (each isomer), toluene-'bis-carbamc acid

di (0- hept yl phlesyébisshi@cafieanic hs@MEI0-nahyRilRenilp csRi Qeatlk iashiér),

di (0-octyl phenyl) ester (each isomer),

10N, N1- (4, 4toluehbdiedhipeditpmeity lakidi di{ Okéthgishamiy acéd (eadlD-ipbeiRy),)
ester, N, N - (4, 4" -net hanedi yl - di pheny1l) - bi s-thi ocar bam caci d

di (0- et hyl phlesypéestleivcarbamic acid di(O-propylphenyl) ester (each isomer),

N, N1- (4, 4' - net hanedi yl - di pheny1l) - bi s-t hi ocar bani caci d

di (05et hyl phenghgdss-ehiocafliamic acid di(O-butylphenyl) ester (each isomer),

N, N1- (4, 4' - met hanedi yl - di pheny1l) - bi s-t hi ocar bam c_aci d di (0-propyl phenyl)
ester, N, N tglagne-hiethacediarhrodapite dy)-peinsylaphonyi )c estel d edelf soydephenyl )
ester, N, Nl-(4,4'-nethanediyl-diphen .1())- bi s-t hi ocar bam caci d

di (0- pent yl pHuanesbastliocarbamic acid di(O-hexylphenyl) ester (each isomer),

20N, N - (4, 4' - met hanedi yl - di pheny1l) - bi s-t hi ocar bam caci d .

di (0- hexyl pkdlignydis-earbamic acid di(O-heptylphenyl) ester (each isomer),

toluene-bis-carbamic acid di(O-octylphenyl) ester (each isomer),

10 N,N'-(4,4"-methanediyl-diphenyl)-bis-thiocarbamic acid di(O-phenyl)
ester, N,N'-(4,4'-methanediyl-diphenyl)-bis-thiocarbamic acid
di{O-methylphenyl) ester,
N,N'-(4,4'-methanediyl-diphenyl)-bis-thiocarbamic acid
di(O-ethylphenyl) ester,

15 N,N'-(4,4'-methanediyl-diphenyl)-bis-thiocarbamic acid
di(O-propylphenyl) ester, N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic
acid di(butylphenyl) ester,
N,N'-(4,4'-methanediyl-diphenyl)-bis-thiocarbamic acid
di(O-pentylphenyl) ester,

20 N,N'-(4,4"-methanediyl-diphenyl)-bis-thiocarbamic acid
di(O-hexylphenyl) ester,
N,N'-(4,4"-methanediyl-diphenyl)-bis-thiocarbamic acid
di(O-heptylphenyl) ester and
N,N'-(4,4'-methanediyl-diphenyl)-bis-thiocarbamic acid

25 di(O-octylphenyl) ester (each isomer).

[0061] The above-described N-substituted O-substituted thiocarbamic
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N, N1- (4, 4' - met hanedi yi - di phenyl) - bi s-th iocarbam caci d

di (0- hept yl phenyl ) est er and

N, N - (4, 4" - net hanedi yl - di pheny1l) - bi s-t hi ocarbam caci d 25di (0-octyl phenyl)
ester (each isoner). [0061] The above-descri bed N-substituted O-substituted
thiocarbamc acid esters may be used singly or in a conbination of two or
nore. [0062] Exanples of the N-substituted S-substituted thiocarbam c acid
ester include N, N -hexanediyl -bis-thiocarbam c acid di (S phenyl) ester,

N, N - hexanedtid edies-hbi ¢eaideddifgBeodirti cOniBihANbR BEMWO) oregiage. (each

5i sonmer), N, N -hexanedi yl-bis-thiocarbam c acid di(S-ethyl phenyl) ester
(eachi somer JOO6N ERexiedliofl thei SktibwitatddaRiadstituted thiocarbamic acid

di (S- propyl phenyl ) est er (eachi sonmer), N, N -hexanediyl -bis-thiocarbamc acid
di (S-butyl pbsey lixclesieeN, Neherarsiivbbis-tHibeirbamiansdd Wit Diphehli pesehan c
acid di (S-pentyl phenyl) 10ester (each isoner), di(S-phenyl)

4, 4' - et hy| dhbl-thexhhediyl-basshiocarbamic acid diﬁS-methylphenyl) ester (each

di (S-net hyl phenyl) 4, 4' - met hyl ene- di cycl ohexyl t hi ocar bamat e,

di ( SSet hyl preemyén)4 NN theapbdiyd-tds-tlyioicattmmia heidcdi(Sasthtyéphenyl) ester

(each isomer), N,N'-hexanediyl-bis-thiocarbamic acid
di(S-propylphenyl) ester (each isomer),
N,N'-hexanediyl-bis-thiocarbamic acid di(S-butylphenyl) ester (each
isomer), N,N'-hexanediyl-bis-thiocarbamic acid di(S-pentylphenyl)

10 ester (each isomer), di(S-phenyl) 4,4'-methylene-dithiocarbamate,
di(S-methylphenyl) 4.4'-methylene-dicyclohexylthiocarbamate,
di(S-ethylphenyl) 4,4'-methylene-dicyclohexylthiocarbamate,

di(S-propylphenyl)  4,4'-methylene-dicyclohexylthiocarbamate (each
isomer), di(S-butylphenyl) 4,4'-methylene-dicyclohexylthiocarbamate
15 (each isomer), di(S-pentylphenyl)
4,4'-methylene-dicyclohexylthiocarbamate (each isomer),
di(S-hexylphenyl)  4,4'-methylene-dicyclohexylthiocarbamate  (each
isomer), di(S-heptylphenyl) 4,4'-methylene-dicyclohexylthiocarbamate
(each isomer), di(S-octylphenyl)
20 4,4'-methylene-dicyclohexylthiocarbamate (each isomer),
3-(phenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexylthioca
rbamic acid (S-phenyl) ester,
3-(methylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexy
lthiocarbamic  acid  (S-methylphenyl) ester (each isomer),
25 3-(ethylphenoxythiocarbonylamino-methyl)-3,5,5-trimethylcyclohexylt

hiocarbamic  acid  (S-ethylphenyl) ester  (each  isomer),
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di (S- propyl phenyl) 4, 4'-net hyl ene-di cycl ohexyl t hi ocarbamate (each isoner),
di (S-butyl phenyl) 4,4'-nethyl ene-di cycl ohexyl t hi ocar bamat e

15(eachi somer), di (S-pentyl phenyl) 4, 4'-met hyl ene-di cycl ohexyl t hi ocar banat e
(each isoner), di(S-hexylphenyl) 4,4 -nethylene-dicycl ohexylthiocarbamate
(each isoner), di(S-heptyl phenyl) 4,4'-nethyl ene-dicycl ohexylthi ocarbanate
(each isoner), di(S-octyl phenyl) 20

4, 4" - met hyl ene-di cycl ohexyl t hi ocarbanat e (each isoner),

3- (phenoxyt BL@Ha: ! : et hyl Qga rbamc
S Bhea pheny@)@ %g A b@@ﬂﬁo@ﬁ‘b@h&larﬁmo’i@ahyl)ﬂist‘ﬁf'tﬁbffe'tl‘i’;*fl%&%idﬁyx%

3- (et hyl pheamavhiki ocagdigny! a-propEbRYhY 3. 5.eRtdr | CycCliQfgey)

| t hi ocarbami c acid (S-nethylp egyl ) fést e*j(eaceﬁt%rsoﬁ)@h S ’

253- (et hyl IOBG(Wylphmﬁﬁyﬂﬂﬁdér%ﬁh?%ﬁm&rﬂéthﬂ)%,S;S-Eﬂiﬁﬁtlﬁmbwrdkfé&?&y' t

hi ocar bam caci d( S- et hyl phenyl ) est er (eachi somér), 3

- (propy! pheh@uodrbamgar bogyidam r8-betyiyhdnyd) 5, Sester et fudcdy cl dhexet), car bani ¢
acid (S-propyl phenyl) ester (each isoner),

3- (b6t yI phedetpentylphansoyiiiacdrbonyiinhipo) midddy13-3, § j5vaimyptiofcy clotexy

hi ocarbam ¢ acid (S-butyl phenyl) ester (each isoner), 53

- (pent yl phetinryaitianciar boagidam i(Bepertyipteny3) 5, ester mei(adicy clisbexy),

t hi ocarbam c acid (S-pentyl phenyl) ester (each isomer),

3- (hexyl pheelhexii pheamoxyttyloaerbunyiemiyd-yaathy] 3 15,5 wetgthy logicbbleesy 1t

hi ocarbam c_aci d (S-hexyl phenyl) ester (each isomer), 3

- (hept yl phehxoarbamear boagidam (8-mstsiphgnyd), 5, 6sterr i métdopl cydboimexyl 10
thi ocarbam ¢ acid (S-heptyl phenyl) ester (each isoner), 3

- (octyl phenax(&l@pt)dphemaﬁmwarbonglamymp.meﬁhﬂ)-3,5jsﬁmmyttqglcyohmémyi

hi ocar bam ¢ acid_ (S-octyl phenyl) ester (each isoner), .

t ol dBne- bi sthipradbanbseni cagisl d” S pNEhany kst est@eacheadtomeripomer),

t ol uene- bi s-tdzﬁicoca bam c_acid di (S -net hyl phenyl) ester (each_ isoner), 15
t ol uene- bi s3t{PcBdrheagx Kthaesarbany Bretwymistlyt3,S Sstrémethsdeyiclobenplht) |

t ol uene-bi s;t hi ocarbam c acid di (S-praopyl phenyl) ester (each isoner),

t ol uene- bi shiafeskaniani caaéi d dSeectylphisphenye§teest efeatBach ipemes),)

t ol uene- bi s-t.hi ocarbami ¢ aci d. di (S.-q?e " %pgeny ) ester (each isoner),

t ol uene- bi siAlHPBE-RIFEMOcarhamicyi el e%ﬁ REAYYY  cesier (eacth iiseomsr), 20

o uene: s Senbems g 0,05 hephlneni ) coe, (o o)

NG S et i oy B e 8, (S PIEDI,

LTS LR MabEst PlapthMdtic” ac i AR BB IBhBRTY el o i 8 RRR" ™ cac! @
toluene-bis-thiocarbamic acid di(S-butylphenyl) ester (each isomer),
toluene-bis-thiocarbamic acid di(S-pentylphenyl) ester (each isomer),
toluene-bis-thiocarbamic acid di(S-hexylphenyl) ester (each isomer),

20 toluene-bis-carbamic acid di(S-heptylphenyl) ester (each isomer),
toluene-bis-carbamic acid di(S-octylphenyl) ester (each isomer),
N,N'-(4,4'-methanediyl-dipheny!)-bis-thiocarbamic acid di(S-phenyl)
ester, N.N'-(4,4'-methanediyl-diphenyl)-bis-thiocarbamic acid

di(S-methylphenyl) ester,
25 N,N'-(4,4'-methanediyl-diphenyl)-bis-thiocarbamic acid
di(S-ethylphenyl) ester,
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N, N - (4, 4" -net hanedi y1-di phenyl) - bi s-t hi ocarbam caci d di (S-propyl phenyl)
ester, N, N -(4,4"-nethanediyl-di phenyl)-biscarbam c

aci ddi (butyl phenyl ) ester,

N, N - (4, 4" - net hanedi yl - di phenyl) - bi s-t hi ocar bamni caci d

5di ( S- pentyl phenyl ) ester,

N, N - (4, 4" - et hanedi yl - di phenyl) - bi s-thi ocar bam caci d

di ( S- hexyl phenyl )ester,

N, N - (4, 4" - eN aelingd thdh BFS b h &) 1016 FkRIcRASERRC d acid

di (S-heptyl phenyl ) est erand

10N, N- (4, 4' distprspsdbhend) RRgsy N, Nvi(a 4 hheanbaril ciphen etk eabyhapeny | )
ester (each %Igoner) .p[OO}gg] Thg ébo&e’-descri bedWN- sgbst:iﬂ?ut ed S¥dslggst i tuted
t hi ocar bam geiglci d esters may be Ltﬁgght 1p1gjryﬂ r in a conbinationggbrtwo or
nore. [0064] Exanples of the N-substituted dithiocarbam c acid ester

i nclude 15 N N'{4xamesthyhediys-dibhéyigdibahioeadindicdi phenyl est eracid

N, N - hexanedi yl - bi s-di t hi ocarbam ¢ aci d di (et hyl phenyl) ester (each

i somér), N, di(Shpxaydsharylbi s- di t hi ocar banmi ¢ aci d di (et hyl phenyl gstest er
(each isoner), N, N -hexanediyl-bis-dithiocarbam c acid

di (propyl phEhW'Y égk-ené¢thanbdsdrkphenyl)-bis-thiocarbamic acid
di(S-hexylphenyl) ester,
N,N'-(4,4'-methanediyl-diphenyl)-bis-thiocarbamic acid
di(S-heptylphenyl) ester and

10 N,N'-(4,4'-methanediyl-diphenyl)-bis-thiocarbamic acid

di(S-octylphenyl) ester (each isomer).

[0063] The above-described N-substituted S-substituted thiocarbamic

acid esters may be used singly or in a combination of two or more.

[0064] Examples of the N-substituted dithiocarbamic acid ester include
15 N,N'-hexanediyl-bis-dithiocarbamic acid diphenyl ester,

N,N'-hexanediyl-bis-dithiocarbamic acid di(methylphenyl) ester (each

isomer), N,N'-hexanediyl-bis-dithiocarbamic acid di(ethylphenyl) ester

(each isomer), N,N'-hexanediyl-bis-dithiocarbamic acid
di(propylphenyl) ester (each isomer),
20 N,N'-hexanediyl-bis-dithiocarbamic acid di(butylphenyl) ester (each

isomer), N,N'-hexanediyl-bis-dithiocarbamic acid di(pentylphenyl) ester
(each isomer), diphenyl 4,4'-methylene-didithiocarbamate,

di(methylphenyl) 4,4'-methylene-dicyclohexyldithiocarbamate,
di(ethylphenyl) 4,4'-methylene-dicyclohexyldithiocarbamate,
25 di(propylphenyl) 4,4"-methylene-dicyclohexyldithiocarbamate (each

isomer), di(butylphenyl) 4,4'-methylene-dicyclohexyldithiocarbamate
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20 N, N - hexanedi yl - bi s-di t hi ocarbam ¢ acid di (butyl phenyl) ester (each
i sonmer), N, Nthexanediyl-bis-dithiocarbam c acid di (pentyl phenyl) ester
(each isoner), diphenyl 4,4'-nethylene-didithiocarbamate,

di (et hyl phenyl ) 4, 4' - net hyl ene- di cycl ohexyl di t hi ocar bamat e,

di (et hyl phenyl ) 4, 41- et hyl ene-di cycl ohexyl di t hi ocar bamat e,

25di (propyl phenyl) 4, 4" -met hyl ene-di cycl ohexyl di t hi ocar bamate (each

i soner), di(butyl phenyl) 4, 41-nethyl ene-di cycl ohexyl dit hi ocar bamat e

(eachi soner Jeglih( pent yl phenyl ) _isomexl"j), _ di(g_entylghen%lg
4, 4' - met hyl ene-di cycl ohexyl di t hi ocar bamat e( eachi soner), di (hexyl phényl)

4, 41- et hylanpdxtdahaiodoldiaanhhrapbanagach | seaph) . di (hepky)phenyl)

4, 4' - et hyl ene- di cycl ohexyl di t hi"ocar bamat e 5( eachi somer), di (octyl phenyl )

4, 4" - met hyl div@edyiengiex yh di-hhétaghradriye] dleagiditbiodaibamate  (each
3- (phenyl sul g(ony?rt hi ogg)?bonyl am ng- met hyl) -3, 5,5-trinmet hyl cycl ohexyl

di t hi ocar baiagnag] dlighastylplesiyd) .4,4'-methylene-dicyclohexyldithiocarbamate
3- (et hyl phenyl di t hi ocar %opnyl gﬁ)i’ no- et hyl ) - 3, 5, %-t ri rr%t hyl cycl ohexy 10

| di t Bi ocar béedoh aci d (net hyl phenidoma3ter (each i soner) di(octylphenyl)
3- (et hyl phenyl di t hi ocar bonyl am no-net hyl )-3,5, 5-trinmet hyl cycl ohexyl d
i t hi ocar banidgt anethyleddrdipdolydéyyldsharcatlemmiatd sonmer jeach isomer),
3- (propyl phenyl di t hi ocar bonyl am no-net hyl ) -3, 5, 5-tri met hyl cycl ohexyl
car bam ¢ acBeémngwlwmlwcmoﬁyle(mmmeihy@@,5,S—trlmethylcyclohexyl
153- (but yl phenyl di t hi ocar bonyl am no-net hyl ) -3, 5, 5-tri met hyl cycl ohexyl d
i t hi ocar bandghzedagbgmie vyl phenyl ) estder (each i sphenyl ester,
3- (pent yl phenyl di t hi ocar bonyl am no- et hyl )-3,5,5-trinet hyl cycl ohexyl
di t hi ocar badt@neibytphigraddithisicanyonylestinp-mpethyl)3sdieirimethylcyclohexy
3- (hexyl phenal,l di t hi ocar bonyl am no-net hyl )-3, 5, 5-tri met hyl cycl ohexyl
10 ldithiocarbamic  acid  (methylphenyl) = ester  (each” isomer),
3-(ethylphenyldithiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyld
ithiocarbamic acid  (ethylphenyl) ester  (each  isomer),
3-(propylphenyldithiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
carbamic acid (propylphenyl) ester (each isomer),
15 3-(butylphenyldithiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyld
ithiocarbamic  acid  (butylphenyl) ester  (each  isomer),
3-(pentylphenyldithiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
dithiocarbamic  acid  (pentylphenyl) ester (each  isomer),
3-(hexylphenyldithiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
20 dithiocarbamic  acid  (hexylphenyl) ester (each  isomer),
3-(heptylphenyldithiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyl
dithiocarbamic  acid  (heptylphenyl) ester (each  isomer),
3-(octylphenyldithiocarbonylamino-methyl)-3,5,5-trimethylcyclohexyld
ithiocarbamic acid  (octylphenyl) ester  (each  isomer),
25 toluene-bis-dithiocarbamic acid diphenyl ester (each isomer),

toluene-bis-dithiocarbamic acid di{methylphenyl) ester (each isomer),
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20 dithiocarbam c acid (hexyl phenyl) ester (each isoner),

3- (heptyl phenyl di t hi ocar bonyl am no-net hyl ) -3, 5, 5-tri net hyl cycl ohexyl
di t hi ocarbam c acid (heptyl phenyl) ester (each isoner),

3- (octyl phenyl di t hi ocar bonyl am no-net hyl )-3,5, 5-trinmet hyl cycl ohexyl d
i thiocarbam c acid (octyl phenyl) ester (each isoner),

25t ol uene-bi s-di t hi ocarbam c aci d di phenyl ester (each isoner),

t ol uene- bi s-di t hi ocarbam ¢ acid di (et hyl phenyl) ester (each isoner),
tol uene- bi sy¢li,bhb-PEAURNRTID CarBsic dhdigt faydemﬁ@hbh BSteSter( FARM SOMRE),,
t ol uene-bi s-dithi ocarbam c acid di (propylp nyly ester (each 1soner),
t ol uene- bi stalijbhé-OraHbRDEarbitc HAUEYPRIRMIhInESt @ftel ¢asdh iiSORRE),,
t ol uene- bi s-di t hi ocarbam ¢ acid di (pentyl plienyl)” éster (‘each isoner),
tol uene- bi stgliibhé-Ssadb@Mdcarbaindc dididexiyitRiehehyBs tegter( ¢ah 1isORer),.
t ol uene-bi s-carbam c acid di (heptyl phenyl) ester (each isoner),

t ol uene- bi stglaeheubis-dabi ccabhode yéd@&edt(EémgsIanﬂ?a@neﬂ geadt Jisomer),
N, N- (4, 41- met hanedi yl - di phenyl) - bi s-di t hi ocarbam ¢ aci d di phenyl ester,
N, N15( 4, 4' - taltbaedds i thilberbamle - ddid- difheketsirdmt) eséai deach isomer),
10di ( ret hyl phenyl ) ester,

N, N - (4, 4" - tdtibaedds-chrisimplenyd)d bidsthdiptylpbeaybanesteci deach isomer),
di (et hyl phenyl )ester,

N, N1- ( 4, 41- tedtibaerdods-gartatirpiee nyat)d bi di odtykphmrgd pandsteici deach  isomer),
di (propyl phenyl) ester, N, Nl-(4,4'-nethanediyl-di phenyl)-biscarbam c
15aci ddi ( budNyNoHé s etbreediyl-diphenyl)-bis-dithiocarbamic ~ acid  diphenyl
N, N - (4, 4' -net hanedj yl - di phenyl) - bi s-di t hi ocar banj caci d ) _

di (pentyl phesigt,) est B, N'-(4,4'-methanediyl-diphenyl)-bis-dithiocarbamic acid
N, N'1-0(4, 4' - met hanedi yl - di pheny1) - bi s-di t hi ocar bam caci d

di{methylphenyl) ester,
N,N'-(4,4'-methanediyl-diphenyl)-bis-dithiocarbamic acid
di(ethylphenyl) ester,
N,N'-(4,4'-methanediyl-diphenyl)-bis-dithiocarbamic acid
di(propylphenyl) ester, N,N'-(4,4'-methanediyl-diphenyl)-biscarbamic
15 acid di(butylphenyl) ester,
N,N'-(4,4'-methanediyl-diphenyl)-bis-dithiocarbamic acid
di(pentylphenyl) ester,
N,N'-(4,4'-methanediyl-diphenyl)-bis-dithiocarbamic acid
di(hexylphenyl) ester,
20 N,N'-(4,4"-methanediyl-diphenyl)-bis-dithiocarbamic acid
di(heptylphenyl) ester and
N,N'-(4,4'-methanediyl-diphenyl)-bis-dithiocarbamic acid

di{octylphenyl) ester (each isomer).
[0065] The above-described N-substituted dithiocarbamic acid esters
25 may be used singly or in a combination of two or more.

[0066] The methods for producing the N-substituted carbamic acid

34



di (hexyl phenyl ) ester,

20N, N - (4, 4' - met hanedi yl - di pheny1) - bi s-di t hi ocar bam caci d

di (heptyl phenyl ) est er and

N, N - (4, 4" -net hanedi yl - di phenyl) - bi s-di t hi ocarbani caci d di (octyl phenyl)
ester (each isoner). [ 0065] The above-descri bed N substituted

di thi ocarbam c acid esters 25may be used singly or in a conbination of two
or nore. [0066] The methods for producing the N-substituted carbam c acid

ester, N-subgkl NLRMHsPtSEEOLdb:AELERItRIRPEIE asideqet el-subsatedi t ut ed
S- substl tuted thiocarbamc acid ester and N-substituted dithiocarbanic acid

ester are n@tgylatithed! @ibdarbhiit eftidrdtaradnd Be-skboumite diddscaBaie used.
5[ 0067] When X6 is a group represented by the fornmula (4), the conpound

represent edabid edter faee Mek palrlidhlary Hmibed uhatvdridedkbotindmethddsXéahs an
oxygen atom or an N-substituted thioureido (if X4 is a sulfur atom.

[ 0068] Exanptesedf the N-substituted ureido include N phenylurea, 10
N- (et hyl phenyl )urea (each isomer), N-(dinethylphenyl)urea (each isoner),

N- (didet hyl ph&igT]) Wieen (K&chs i &5 opreILp, rb?ﬁaibmealp)byphheylf@mehi (daclthesoner),
N- napht hyl urea (each isoner), N (nethylnaphthyl)urea (each isoner),

N- di et hy| napitpuoyindriepréseatdd byahredprmisa 1 4eisian Napitidtiphtedease{dn Cif
i soner), N-al | phati c diureas such as 15 N, N ﬁhenyl enedi ur ea (each
i soner), N N' rnsta‘rybﬁygmylaﬂémﬂmnm}{eabhmmm Joureido (if X" is a sulfur
N, N - met hyl enedi phenyl enedi urea (each isomer), N, N -nesitylenediurea (each
i soner), N, atorh).phenyl enedi urea (each isoner), N, N -di phenyl enedi urea (each
i sonmer),
) [0068] Examples of the N-substituted ureido include N-phenylurea,
10 N-(methylphenyljurea (each isomer), N-(dimethylphenyljurea (each
isomer), N-(diethylphenyl)urea (each isomer), N-(dipropylphenyl)urea
(each isomer), N-naphthylurea (each isomer), N-(methylnaphthyl)urea
(each isomer), N-dimethylnaphthylurea (each isomer),
N-trimethylnaphthylurea (each isomer), N-aliphatic diureas such as
15 N,N'-phenylenediurea (each isomer), N,N'-methylphenylenediurea
(each 1isomer), N,N'-methylenediphenylenediurea (each isomer),

N,N'-mesitylenediurea (each isomer), N,N'-biphenylenediurea (each

isomer), N,N'-diphenylenediurea (each isomer),
N,N'-propylenediphenylenediurea (each isomer),
20 N,N'-oxy-diphenylenediurea (each isomer), bis(ureidophenoxyethane)
(each isomer), N,N'-xylenediurea (each isomer),

N,N'-methoxyphenyldiurea (each isomer), N,N'-ethoxyphenyldiurea
(each isomer), N,N'-naphthalenediurea (each isomer),
N,N'-methylnaphthalenediurea (each isomer), N,N'-ethylenediurea,
25 N,N'-propylenediurea (each isomer), N,N'-butylenediurea (each isomer),

N,N'-pentamethylenediurea (each isomer), N,N'-hexanemethylenediurea
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N, N - pr opyl enedi phenyl enedi ur ea( eachi somer), 20N, N - oxy-di phenyl enedi ur ea
(each isoner), bis(urei dophenoxyethane) (each isoner), N, N -xylenediurea
(each isoner), N, Nl-nethoxyphenyl diurea (each isoner),

N, N - et hoxyphenyl di urea (each isoner), N, N -naphthal enedi urea (each

I somer), N, N -nethyl napht hal enedi urea (each isoner), N, N -ethyl enedi urea,
25N, N- propyl enedi urea (each isoner), N, N-butylenediurea (each isoner),

N, N - pent anet hyl enedi urea (each isoner), N, N -hexanenet hyl enedi urea (each

i somer) and(dcN isgafR hﬂN,N‘%Ec'Ah?&h?Rﬂéﬂiﬁr@Q@é&h id&lﬁéﬂ)?l“@hliﬁhaﬁéi ureas

such as N, N, N'-hexanet hyl enetriurea {each N, N, N'-nonanet hyl enetri urea

(each i someglumiall Nuglecaget Y henet hinsertliEaabtriweaer géacﬁnd isepiety, t ut ed
5al i phatic pol yureas such as N N -cycl obutyl enedi urea (each

N, N - met hyl BNy shedaxHydensteiateach (each isomer) and
3-ureidonet hyl-3,5,5-trinmethyl cycl ohexylurea (cis and/or trans formnms) and

et hyl enebi BBl 8"odlevgrhethedonctdandy (eiridoméN0eald sxtssithesl d-cybHc
N-substituted thioureidoinclude 10 N phenylthiourea,
N- (mét hyl phehiphatidi meiyeseaseanth i o N'-cy Gontybsrivdi preanyeddhiisoimea), (each
I somer), N-(diethylphenyl)thiourea (each isoner),
N- (di pr opy! DhBifrhgthiylenedesylehetyldaoerr ), N-napfedol t hi our ea ig@meh),i soner),
N- (et hyl napht hyl )t hi ourea (each isoner), N-dinethyl naphthylthiourea (each
i soner),  3-ureidomethyl-3,5,5-trimethylcyclohexylurea (cis and/or trans forms)
and methylenebis(cyclohexylurea) (each isomer).
[0069] Examples of the N-substituted thioureido include
10 N-phenylthiourea, N-(methylphenylthiourea (each isomer),
N-(dimethylphenyl)thiourea (each isomer), N-(diethylphenyl)thiourea
(each  1somer),  N-(dipropylphenyl)thiourea  (each  isomer),

N-naphthylthiourea (each isomer), N-(methylnaphthyl)thiourea (each

isomer), N-dimethylnaphthylthiourea (each isomer),
15 N-trimethylnaphthylthiourea (each isomer), N-aliphatic dithioureas such
as N,N'-phenylenedithiourea (each isomer),
N,N'-methylphenylenedithiourea (each isomer),
N,N'-methylenediphenylenedithiourea (each isomer),

N,N'-mesitylenedithiourea (each isomer), N,N'-biphenylenedithiourea

20 (each  isomer),  N,N'-diphenylenedithiourea  (each  isomer),
N,N'-propylenediphenylenedithiourea (each isomer),
N,N'-oxy-diphenylenedithiourea (each isomer),

bis(thioureidophenoxyethane) (each isomer), N,N'-xylenedithiourea
(each  1somer), N,N'-methoxyphenyldithiourea (each isomer),
25 N,N'-ethoxyphenyldithiourea (each isomer), N,N'-naphthalenedithiourea

(each isomer), N,N'-methylnaphthalenedithiourea (each isomer),
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15N-tri nmet hyl napht hyl t hi ourea (each isoner), N-aliphatic dithioureas such
asN, N - phenyl enedi t hi our ea( eachi soner),

N, N' - met hyl phenyl enedi t hi our ea( eachi soner),

N, N - net hyl enedi phenyl enedi t hi our ea(eachi somer), N, N -nesityl enedithiourea
(each isoner), N, N -biphenyl enedit hi ourea

20(eachi soner), N, N - di phenyl enedi t hi our ea( eachi soner),

N, N - pr opyl enedi phenyl enedi t hi our ea( eachi somer),

N N - oxy- di nienhieniedéditiiouren eNN‘%ﬂBgyDeneEltﬁ(dlﬁbQUf aidapheasigey, hane)

(each isomer), -xyl enedi t hi our’e | somer

N, N - net hoxwwe-r@mk chbiithicRRed §8sth umf)) NN‘%&‘ﬁtaﬁi@ﬂW&ﬁB@ﬂMicﬁk&Q' our ea

(each i sorrer) - napht hal ened| t hi our ea (each i somer)

N, N - met hyl (@t@ht h@dm@e)dl NN Hesantarehy lesiedithioured, [‘éa@lt hiybereyli ahdour ea,
N, N - pr opyl enedi t hi ourea (each i somer), N, N -butyl enedithiourea (each

i soner), N, N,pédeaamictiytleneditlivuocy G(Qaél@arsbmeﬁ*grnﬂ Jaliphatic trithioureas
N, N - hexanenet hyl enedi t hi ourea (each isoner) and

N, N Sdecanesingh eneds t hi DUNEN"tleacimethyderdtritiNoalé¢sphat {eachr i t hsameegs
5suchasN, N , N'- hexanet hyl enetri t hi our ea( eachi soner),
N,N',N"-nonamethylenetrithiourea (each isomer) and
N,N'N"-decamethylenetrithiourea (each isomer); and substituted
N-cyclic aliphatic polythioureas such as N,N'-cyclobutylenedithiourea
(each isomer), N,N'-methylenedicyclohexyldithiourea (each isomer),
10 3-thioureidomethyl-3,5,5-trimethylcyclohexylthiourea (cis and/or trans
forms) and methylenebis(cyclohexylthiourea) (each isomer).
[0070] Examples of the compound having a hydrogen atom bonded to a
halogen atom include hydrogen chloride, hydrogen bromide and
hydrogen iodide.
15 {0071} Examples of (B) include compounds having a carbonyl group
(>C=0). Examples of the compounds having a carbonyl group include
compounds having at least one group selected from the group consisting

of groups represented by the following formulas (5) to (8):

[Chemical Formula 23]
Y'I
H 2
—N—C—Y~-R" (5)
[Chemical Formula 24]
Y3
H |
_"N""C""""'NHZ (6)

[Chemical Formula 25]

20
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N, N1, N'- nonanet hyl enetrithiourea (each isoner) and

N, N, N'-decanet hyl enetrithiourea (each isoner); and substituted N-cyclic

al i phati c pol yt hi oureas such as N, N -cycl obutyl enedi t hi ourea (each isoner),
N, N' - met hyl enedi cycl ohexyl di t hi ourea (each isoner),

103-t hi our ei donet hy1-3, 5, 5-tri nmet hyl cycl ohexyl t hi ourea (cis and/or trans
fornms) and net hyl enebi s(cycl ohexyl t hi ourea) (each isoner). [0070] Exanples
of the compound having a hydrogen atom bonded to a hal ogen at om i ncl ude
hydrogen chl ori de) hydrogen brom de and hydrogen iodide. 15[0071] Exanpl es
of (B) incl udf col‘rpoun havi ng a carbonyl group (>C=0). Exanples of the
conpounds h&V g"@‘c nyl gtaqup include conpounds having at |east one
group sel ect ed fromthe group consisting of groups represented by the

foll owi ng f¢Chumisal(FBormtwla(B]: [ Chemical Formula 23] yi H 20-N--C-Y2-R'5 )

[ Chem cal Formnul a 24] Ya H NNC-NH26 ) [Chem cal Formula 25]

—N=C=Y* (8)
wherein Y', Y%, Y* and Y* (Y! to Y*) each independently represent an

5 oxygen atom or a sulfur atom, R' and R? each independently represent
an organic group having 1 to 30 carbon atoms, and R" represents an
organic group.
[0072] The formula (7) is a carbonic acid ester. Examples of the
compounds having groups represented by the formulas (5), (6) and (8)

10 include compounds represented by the following formula (19):

[Chemical Formula 27]

R4‘€-Y6)b (19)

wherein R* represents an organic group having 1 to 80 carbon atoms, Y®
represents at least one group selected from the group consisting of
15 groups represented by the formulas (5), (6) and (8), and b represents an
integer of 1 to 10.
[0073] Examples of R in the formula (19) include an aliphatic group,
an aromatic group, or a group prepared by bonding an aliphatic group
and an aromatic group to each other. More specific examples include
20 an acyclic hydrocarbon group, a cyclic hydrocarbon group (e.g., a
monocyclic hydrocarbon group, a fused polycyclic hydrocarbon group,
a crosslinked cyclic hydrocarbon group, a spiro hydrocarbon group, a
ring assembly hydrocarbon group, a cyclic hydrocarbon group with a

side chain, a heterocyclic group, a heterocyclic spiro group, a hetero
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Il RRO-CG-OR1L ( 7 ) [Chem cal Fornmula 26] -N=C=Y4( 8 ) wherein Y1, Y2, Y3
and Y4 (Y1 to Y4) each independently represent an 5 oxygen atomor a sul fur
atom Rl and R2 each independently represent an organic group having 1 to
30 carbon atons, and R' represents an organic group. [0072] The fornula (7)
Is a carbonic acid ester. Exanples of the conpounds having groups
represented by the formulas (5), (6) and (8) 10i nclude conpounds
represented by the following forrmula (19): [Chem cal Forrmula 27] R4( y6) bl

) ohen TR O pelcsfhgue TS i opacpn jore.
more groups selected from the group consisting of the acyclic
hydrocarbon groups and the cyclic hydrocarbon groups are bonded to
each other, or a group in which one or more groups selected from the

5 above-described group are bonded to each other via a covalent bond
with a specific non-metal atom (carbon, oxygen, nitrogen, sulfur or
silicon).

[0074] R* is particularly preferably a group selected from an aliphatic
group, an aromatic group, and a group prepared by bonding an aliphatic
10 group and an aromatic group to each other and having 1 to 80 carbon
atoms, because a side reaction is less likely to occur, and preferably a
group having 1 to 70 carbon atoms, and more preferably a group having
1 to 30 carbon atoms, taking fluidity and the like into consideration.
[0075] Examples of R include linear hydrocarbon groups such as
15 methylene, dimethylene, trimethylene, tetramethylene, pentamethylene,
hexamethylene and octamethylene; groups derived from unsubstituted
alicyclic  hydrocarbons such as cyclopentane, cyclohexane,
cycloheptane, cyclooctane and bis(cyclohexyl)alkane; groups derived
from alkyl-substituted cyclohexanes such as methylcyclopentane,
20 ethylcyclopentane, methylcyclohexane (each isomer), ethylcyclohexane
(each isomer), propylcyclohexane (each isomer), butylcyclohexane
(each isomer), pentylcyclohexane (each isomer) and hexylcyclohexane
(each isomer); groups derived from dialkyl-substituted cyclohexanes
such as dimethylcyclohexane (each isomer), diethylcyclohexane (each
25 isomer) and dibutylcyclohexane (each isomer); groups derived from

trialkyl-substituted cyclohexanes such as 1,5,5-trimethylcyclohexane,
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15groups represented by the fornulas (5), (6) and (8), and b represents an
integer of 1 to 10. [0073] Exanples of R4 in the fornmula (19) include an

al i phatic group, an aronmatic group, or a group prepared by bondi ng an

al i phatic group and an aromatic group to each other. More specific exanples
i nclude 20 an acyclic hydrocarbon group, a cyclic hydrocarbon group (e.g.,
a nonocyclic hydrocarbon group, a fused polycyclic hydrocarbon group, a
crosslinked cyclic hydrocarbon group, a spiro hydrocarbon group, a ring

assenbly hydrosaifpiyie @mexang,yp,lsL&tﬁyﬂf@q@ya@neﬁaw(ea@hti@oﬁle%;) dgdchain, a
het erocyclic group, a heterocyclic spitro’dgroup, a hetero crossiinked ring

group or a hes reityeyicycttesbhe a(&HcBUP i$dneh); ChoRiipsor deBiveddr grig
selected fromthe group consisting of the acycli€ hydrocarbon groups and

the cyclic hyslicuhyboubgitotis wieechondath aseashuepkhesthytberzesicodndi n whi ch
one or nore groups selected fromthe 5 above-described group are bonded to

each other yrepgbenyaigngronpscderived drospeadinfliyd-substitetd batzenes gachon,
oxygen, nitrogen, sulfur or silicon). [0074] R4 is particularly preferably
a group sel esteyleheprdiethydbémeati endrdippopplbearenst and gganums adetivadgr oup
prepared by bonding an aliphatic 10group and an aronmatic group to each
ot her and héwimgatometi8Ohgdrdranbenomichbesadsphenydalkeneeantdi benzsnd.ess
likely to occur, and preferably a group having 1 to 70 carbon atons, and
nore pref er Bortjcdayr exampies ngelideo @@upsr emivedonfon alexameéthylend,y and
the like into consideration. [0075] Exanples of R4 include |inear

hydr ocar bonphenyilsaes ucidiphenylmathamgl en@luehieret hgydabexand, met xyleapk,

t et ramet hyl ene ent amet hyl ene, hexanet hyl ene and oct anet hyl ene; groups
derived fromathyliysiohanasg, wopbpeone ang dieyeiphexglnaetbanas cycl opent ane,
cycl.ghexane, cycl ohept ang, .cycl ooctane and bi s(cycl ohexyl ) al kane; groups
der il¥ed from%%/&ywh%s ?t iR el gipsipoHeResenteasldy ddendormpbly d(Sopeheane,

compound represented by the formula (19) is an N-substituted carbamic
acid ester (if Y' and Y® are oxygen atoms), an N-substituted
O-substituted thiocarbamic acid ester (if Y' is a sulfur atom and Y? is an
oxygen atom), an N-substituted S-substituted thiocarbamic acid ester (if

15 Y' is an oxygen atom and Y? is a sulfur atom) or an N-substituted
dithiocarbamic acid ester (if Y' and Y? are sulfur atoms). Preferred
examples of these compounds are as described above (R" is similar to
R"). When Y®is a group represented by the formula (6), the compound
represented by the formula (19) is an N-substituted ureido (if Y is an

20 oxygen atom) or an N-substituted thioureido (if Y> is a sulfur atom).
Preferred examples of these compounds are as described above. When
Yéisa group represented by the formula (8), the compound represented
by the formula (19) is an isocyanate (if Y* is an oxygen atom) or an
isothiocyanate (if Y* is a sulfor atom).

25 [0077] The carbonic acid ester refers to a compound in which one or

two of the two hydrogen atoms in carbonic acid CO(OH), are each
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20 et hyl cycl opent ane, net hyl cycl ohexane (each isoner), ethylcycl ohexane
(each isoner), propylcycl ohexane (each isoner), butyl cycl ohexane (each

i soner), pentyl cycl ohexane (each isoner) and hexyl cycl ohexane (each

i somer); groups derived fromdial kyl -substituted cycl ohexanes such as

di et hyl cycl ohexane (each isoner), diethylcycl ohexane (each 25i soner) and
di but yl cycl ohexane (each isoner); groups derived fromtrial kyl -substituted
cycl ohexanes such as 1,5, 5-trinmethyl cycl ohexane,

1,5, 5-tri et pyigysd Qhgxanali ﬁaﬁe%réﬁﬂ;rgr&%ﬁYdréﬁPdt@%?rﬁﬁb‘? (each isomer) and

1,5,5-tributyl cycl ohexane Feach I SO ); groups ived from
monoal kyl - s{GE18]t Ek@ﬂl}ﬂ@@éﬁﬂ@@aﬁpﬁﬁti@%]ré rePRseRicdYbPRIZENERANS the
y

propyl benzene; groups derived from di al kyl -substituted benzenes such 5 as

xyl ene, di eflwyhblanZgnecladd gtonpe fytrhed bsnpectie ngnaupsl desmeedafichn
aromati ¢ hydrocarbons such as di phenyl al kane and benzene. Parti cul ar

exanpl es i nokugen grdtipgederduléd, f sidivonexanketivlbgee, adany | enereferred
di phenyl net hane, tol uene, cycl ohexane, xylenyl, nmethyl cycl ohexane,
i sopBor one axaimgi ey of chexyipimtibagreupl Hd0d6] Vien Madiosaebar @epupepr esent ed
by the formula (5), the conpound represented by the fornula (19) is an
N- subst i t ut egcleatyairocarbondgentperar(d & powgndh ¥ehizheonx yogemaoae qgreupsan
N-substituted O-substituted thiocarbamc acid ester (if Yl is a sulfur atom
and Y2 is apclesiegefiont tg group sbnsissng wdithe cBasubydidoarkaon ghoopaabdm ¢ aci d
ester (if 15 Yl is an oxygen atomand Y2 is a sulfur atom) or an
N subst i t ut 8t ayelic dysrocarbonagiotpesarerbgndedyto gach Yther ée.gul 4 eychtons) .
Preferred exanpl es, of these conpounds are as descri bed above (R' is simlar
to R). VWhehyd®aasben group swhntidutad sdtibya cheinf byduocarben, giowe, cempound
represented by the formula (19) is an N-substituted ureido (if Y3 is an 20
oxyd8n at onph@in hydmcathan gree qubsiibitedvath @i ¢yl hydrpcsibongratph) .
Preferred exanpl es of. { hese,  conpounds are as des¢rihed abgve. Wien Y6 is a
group repr eééﬁmﬁewftt @af@kmﬁlgaomsyr,lclﬂlﬁié aagﬁ@m;ﬁawlésh@sgn@@mm/orhe
formula (19) is.an isocyanate (if Y4 is an oxygen atom or an
i sot hi ocyan?afaél%ea alE}’fgr%meﬁ ﬁ‘&lPSt&il&?; wzaspn@rt?]namegwpoo refaed ester
refers to a co und i n which ane or two of the two drqgen ato in
car boni ¢ acPRAEDI S thieo HERATC, 8@%&0@\% PR ifgéﬁlﬁacgﬁrﬂ?ﬁ‘ﬁl £ an
aromatic group. [0076] Examples of the aliphatic group renresened by RI
15 atoms) as described above, specifically, a monocyclic aromatic group, a
fused polycyclic aromatic group, a crosslinked cyclic aromatic group, a
ring assembly aromatic group and a heterocyclic aromatic group.
More preferred examples include a substituted and/or unsubstituted
phenyl group, a substituted and/or unsubstituted naphthyl group, and a
20 substituted and/or unsubstituted anthryl group.
[0079] Examples of the aromatic group represented by R' and R’
include groups formed by specific non-metal atoms (carbon, oxygen,
nitrogen, sulfur, silicon and halogen atoms), specifically, a monocyclic
aromatic group, a fused polycyclic aromatic group, a crosslinked cyclic
25 aromatic group, a ring assembly aromatic group and a heterocyclic

aromatic group. More preferred examples include a substituted and/or
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formula (7) include groups forned by specific non-netal atons (carbon,
oxygen, nitrogen, sulfur, silicon and hal ogen atons).Preferred 5 exanpl es
of the aliphatic group include a chain hydrocarbon group, a cyclic

hydr ocar bon group, and a group in which one or nore groups selected from
the group consisting of the chain hydrocarbon groups and the cyclic

hydr ocar bon groups are bonded to each other (e.g., a cyclic hydrocarbon
group substituted with a chain hydrocarbon group, or a 10 chain hydrocarbon

group subst hh@ﬁ@ﬁitu&édﬁpﬁe%?gm %dEasHRA SHAOBPunsE&MRLRE nabhiig aral kyl
group include a group 1n ich | i near and/or branched al kyl grodp is

substi tut edg%lﬁﬂﬂ, andakoRabittutsd Uihd/bF ahsyubettigsdmehesypfgiohe, ar grat i C
group include groups formed by specific non-netal atons (carbon, oxygen,

ni trogen, suhbstituest a30heanHytirdggentokd, ah atie @espr (refdraouea
specifically, a nonocyclic aromatic group, a fused polycyclic aromatic
group, a crohsin hiéebcaylsdm granpmatdycl@ hvdrocarbom@reapecahdya arouptinc group
and a heterocyclic aromatic group. Mire preferred exanples include a
subs6i t ut edwdridh ameums iiisti droued sehetyd fogymube chasmbstdrocdarbdnagdfups
unsubsti tuted napht hyl group, and a 20substituted and/or unsubstituted

anthryl groapd {heoggdliEhydpbesboh pheumr armbiondgdotop cadprathent(egz.by Rl and
R2 include groups formed by specific non-nmetal atons (carbon, oxygen,

ni trogen, soyélie hysirbcabonagupabubrsitutadomally asgedn fliyakbbgrbon gomyzycl i c
aromatic group, a fused polycyclic aromatic 3rop , a crosslinked cyclic
25aromati ¢ @r cugham riyedgo fib gyoup cubsiitited owthaadeyelive hydoegarbon
aromatic group. More preferred exanples include a substituted and/ or
unsubst i t ut EORMINYE agr sxpnatc by audescribrll ebovasabsray dxced grapht hyl
group, and a substituted and/or unsubstituted anthryl group. The
subdfi t uent fermeddysdhpypdipbgs groumanshtbg arpmaticgigidup (referring to a
chai n hydrocarbon_group, a cyclic hydrocarpon groyp, and a group in 5
whi ch one ofO%Q]eEgiaangsgﬁ é@%cR?ram R%elr@rlm?% BEQUDOBUGR & and t he
cyclic hydrocagb n groups %%g bonded to each ot her %ﬁh?', a.cyclic
hydr ocar bon Tt ME 230BB: PRUEHY! WTPHPa o REORY IngtmBt 46955h 198D, oPulylchai n
hydr ocar bon group sybstituted with a cyclic, hydrocarbpn grou or an
atomat i ¢ or SHPVRLCRRIS OB, @W@ %QO%{P%B OB BEFEh g@}%@ﬂ%@he
al i phatic grou nd the aromati.c group. [.0080 anpl es of. such Rl and R2
i ncl ude alkyﬂng?gu h@ﬂﬁﬂgHgﬂé(ﬁ@gh9$ﬁﬁFbuBP~éﬁggﬁﬁgmpZ?@ﬂb}“gnﬁwoﬁyl group
(ea i soner) but yl , grpup (each isoner a pentyl group (each isoner), a
hoxy or oup oL itPuBehE BobBaTyn' dRaT eiou et st &R o Bigeesd: oup
(each isoner a, 15 nonyl gro each isoner), .a degyl group,(each
somer) . an B Ao iSere 4t ABAEERE B0 (it dShriEPt o HES E86er ) &
tridecyl gr (each _iso tetrade r.ou each. | L),
ent adecy! o b F0EHehS L Bng o] W TP GRS S5 IR ety
nept adecyl QERUP I SAEH, | YRhhec"gRAIRIERN 196D, (IRBARITA drou

(each isomer), an octadecyl group (each isomer), a nonadecyl group

20 (each isomer) and an eicosyl group (each isomer); aryl groups such as a

phenyl group, a methylphenyl group (each isomer), an ethylphenyl

group (each isomer), a propylphenyl group (each isomer), a butylphenyl

group (each isomer), a pentylphenyl group (each isomer), a hexylphenyl

group (each isomer), a heptylphenyl group (each isomer), an

25 octylphenyl group (each isomer), a nonylphenyl group (each isomer), a

decylphenyl group (each isomer), a biphenyl group (each isomer), a
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20 (each isoner) and an eicosyl group (each isoner); aryl groups such as a
phenyl group, a nethyl phenyl group (each isoner), an ethyl phenyl group
(each isoner), a propyl phenyl group (each isoner), a butyl phenyl group
(each isoner), a pentyl phenyl group (each isoner), a hexyl phenyl group
(each isoner), a heptyl phenyl group (each isoner), an 25octyl phenyl group
(each isoner), a nonyl phenyl group (each isoner), a decyl phenyl group (each
i soner), a biphenyl group (each isoner), a dinethyl phenyl group (each

isoner), a digkths1phemyll GoapP (E/RICsORRIRT b, d@etﬁ&ﬂﬂﬁ?byllp%m ge;aﬁéﬂp (each

i soner), a dibutyl phenyl group (each isoner), a dipentylp oup (each

i soner), a didmay)! @h@ignybpgirpbfenyl gﬁ@ﬁpi(a@@mﬁéomér)qidﬁaﬁmyWI dgtoapp (each
C

i soner), a terphenyl group (ea i'soner), a trinethylphenyll group (each

i somer), a (edcdt momdgnyl digeawdpheaghgiagnEedch dsdrhep) apdiHergMyhergfloup
(each isoner) and a tributyl phenyl group (each isoner); and aral kyl groups

such as a plgeoy feadhyisognaypa (ﬁhﬂbt@'h}l’l@iyfhlxggogpf(wclﬁ éamhet)s anerphersy]

phenyl propyl group (each isomer), a phenylbutyl group (each isoner), a 10

phenyl pent ylgrammpu fedobacisoirsmirers , tramptisriphtiexy | goupupeaehchsormerier i, a
phenyl heptyl group (each isoner), a phenyloctyl group (each isonmer) and a

phenyl nonyl tgetbyiphend h gregme{eachArsnget)hes etrgaopyipheradi drasp efeachdi met hyl
carbonate, diethyl carbonate, dipropyl carbonate (each isoner), dibutyl
carbonat e ( &tghel)saik ) triklityépharlyl ceiobipn&iash( secter)sand arelyl glicugsy |
carbonate (each isoner), diheptyl carbonate (each isoner), dioctyl

carbonat e ( 8aeh dssarphonylasepinghgrowar agrtwnylethd rgioppet@achcoberdt @ and t he
li ke are pre{aerred. [0081] Exanpl es of the conpounds having a group
r epr esent ed PBgNYkpsopyk gioup (echiisemenh acphemibuty rapupdeack dsamerthe
f ol é?)vm ng f%gnul a 20(10). The compounds are preferably used. in the
ation

sep enppestyl gioupr (esehisempod by lhendrgronp (aehisemes) a
R4- - EN- =C=Y5, b( ILn.the formu]a, R4 represents an organic

0
group havi nahﬁnﬂileﬁés)/lcammh (oardt dvaimens & phervlostd SrPUX HUREDr a

sul fur ato nd b represents . . .
Tand"a p?lenyﬁlony group (each isomer). Among these carbonic acid

esters, dimethyl carbonate, diethyl carbonate, dipropyl carbonate (each
isomer), dibutyl carbonate (each isomer), dipentyl carbonate (each
15 isomer), dihexyl carbonate (each isomer), diheptyl carbonate (each
isomer), dioctyl carbonate (each isomer), diphenyl carbonate,
methylphenyl carbonate and the like are preferred.
[0081] Examples of the compounds having a group represented by the
formula (8) include compounds represented by the following formula
20 (10). The compounds are preferably used in the separation method of
the present embodiment.
[Chemical Formula 28]
RHN=C=Y°)
(10)
In the formula, R* represents an organic group having 1 to 80 carbon

25 atoms, Y” represents an oxygen atom or a sulfur atom, and b represents
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an integer of 1 to 10. [0082] Wen Y5 is an oxygen atom the conpound
represented by the formula (10) is an isocyanate. Wien Y5 is a sulfur atom
t he conpound represented by the formula (10) is an isothiocyanate. 5
[0083] First, the isocyanate will be described. The isocyanate in the
present enbodi nent is a conmpound corresponding to "its hydrocar byl
derivatives: RN=C=0" in the latter half of "The isocyanic acid tautoner,
HN=C=0, of cyanic acid, HOC=N and its hydrocarbyl derivatives: RN=C=0" in

t he paragr agf ihf@doer oFacppar@t es” defined in 10 Rule C- 8 described in the
Nonencl at ure (IUSAC Nonencl ature of Organic Chem stry) established by the

| UPAC (The [00&2aVhenal’ Ls.lniu@@x@/fgeﬁtﬁténﬂ%epﬁﬁhb@dn@}@m@‘éﬁt@d bitthes

preferably a conmpound representéd by the followmng formula (20): [Chem cal
Fornmul a 29] formuher(@0h B4 anelsesentsse.an Wiganit gsodp shHur ngtolng ¢h80 car bon
atons, and b represents an integer of Ito 10. [0084] In the formula (20),
R4 is prefecehipoumerepreantsdbechedofmaia (109 ignaupothinsyatatelg of an
al i phatic group having 1 to 22 carbon atons and 20 an aromatic group havi ng
6 t0522 car bod8H} bist, theeisgrpapateaywilt det descraredxyfbe isvoyamate an rther ogen
atom Preferred exanples of R4 include |inear hydrocarbon groups such as
met hyl ene, gresenhydebedintentnst dydeempound toaresphpdaeio pestlandobgibsre,
hexamet hyl ene and octanet hyl ene; groups derived from unsubstituted
alicyclic Idfzuwatmchorl?sNe"-ﬁ}zl?Oés ircytheopetieankalfcpf| Ohbgamocyand odeidt ane,
cycl ooctane and bi s(cycl ohexyl ) al kane; groups derived from
al kyl -substmutt)mﬁl’cyﬂﬁﬁ@?@@ee seipanias aeish, hiAQGENopand aite, hydrocarbyl
et hyl cycl opent.ane, nethyl cycl ohexane (each isoner), ethylcycl ghexane
derivatives: =C=0" in the paragraph for "1socyana¥es" defined in
10 Rule C-8 described in the Nomenclature (IUPAC Nomenclature of
Organic Chemistry) established by the IUPAC (The International Union
of Pure and Applied Chemistry). It is preferably a compound
represented by the following formula (20):

[Chemical Formula 29]

R44€N=C'—"O )
b

15 (2 0)

wherein R* represents an organic group having 1 to 80 carbon atoms,
and b represents an integer of 1 to 10.
[0084] In the formula (20), R* is preferably one group selected from the
group consisting of an aliphatic group having 1 to 22 carbon atoms and
20 an aromatic group having 6 to 22 carbon atoms. The group may
contain an oxygen atom or a nitrogen atom. Preferred examples of R?
include linear hydrocarbon groups such as methylene, dimethylene,
trimethylene, tetramethylene, pentamethylene, hexamethylene and

octamethylene; groups derived from unsubstituted alicyclic
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5 (each isomer), propylcyclohexane (each isomer), butylcycl ohexane (each
i soner), pentylcycl ohexane (each isoner) and hexyl cycl ohexane (each

i soner); groups derived fromdial kyl -substituted cycl ohexanes such as

di et hyl cycl ohexane (each isomer), diethylcycl ohexane (each isoner) and
di butyl cycl ohexane (each isoner); groups derived from 10

trial kyl -substituted cycl ohexanes such as 1,5, 5-trinethyl cycl ohexane,
1,5,5-triethyl cycl ohexane, 1,5,5-tripropyl cycl ohexane (each isoner) and

1,5, 5-tri buhydeyeirbbexanecheagh tselmehtan®n@dickotexsmest ickuladd@phangenes
such as tol uene, ethylbenzene and propyl benzene; dial kyl -substituted

benzenes suchch®citeneandi ebiRydatorend)akdne;15 gdioppepydbeneenefraand groups
derived fromaronmati c hydrocarbons such as di phenyl al kane and benzene.

Parti cul ar | pllprlefudbrstiattedxanpyeshexatasde guelups ader i wedh§lcyoldpexsams hyl ene,
phenyl ene, di phenyl net hane, tol uene, cycl ohexane, xylenyl,

met hyl cycl okéxdngclopsntane; onethaa dolkgraneh@arh mevimeng 2y kg8hkiheanehe
fonnula (20), preferred b is an integer of 1 to 3, and a diisocyanate where

b is5 is meahprisomergd prppostldmsanti (eavtanpbarryf hutelcyctawxianecyanat es

i ncl ude phenyl isocyanate, naphthal ene isocyanate, hexanethyl ene

di i socyanat é¢adhs taomaeynpedivlepdphasaes (ehgbhwmophertdrahbesylcystolmxane (each
i somer), 25tolylene diisocyanate (each isoner), nethyl enebis(cycl ohexane)
di i socyanat é@a%hpmmar)é rerogips s@est et Eome sbalkybeubplituted i ¢ysdolyenatess,
e.g., triisocyanatgnonane, 2,4,6-triisocyanatotoluene, triphenyl nmethane
trii socyanasechrasodimethyigyglebexaneaf eashphsonyer)edirthylayclehakapeueachande of

di-, tri- and higher polyisocyanates. anpl es of the polyi socyanates
i ncl ude pol ﬁﬂmﬁ& apd| uby@ﬁlyaﬁgz@aa@téxaﬁ dLSeyngho L5EHRS | dsil omg

bri dder T 00BH ssubSET el BeyaTHR S10F 175 oo deBuPPRRCy FRBERane,
| SOLIl 00y angt g o e PO Sty oS (3L 008518 an
1,5,5-tributylcyclohexane  (each  isomer);  monoalkyl-substituted
benzenes such as toluene, ethylbenzene and propylbenzene;
dialkyl-substituted benzenes such as xylene, diethylbenzene and
15 dipropylbenzene; and groups derived from aromatic hydrocarbons such
as diphenylalkane and benzene. Particularly preferred examples
include  groups derived from  hexamethylene, phenylene,
diphenylmethane, toluene, cyclohexane, xylenyl, methylcyclohexane,
isophorone and dicyclohexylmethane.
20 [0085] In the formula (20), preferred b is an integer of 1 to 3, and a
diisocyanate where b is 2 is more preferred.
[0086] Specific examples of preferred isocyanates include phenyl
isocyanate, naphthalene isocyanate, hexamethylene diisocyanate,
isophorone diisocyanate, diphenylmethane diisocyanate (each isomer),
25 tolylene diisocyanate (each isomer), methylenebis(cyclohexane)

diisocyanate, naphthalene diisocyanate (each isomer), triisocyanates,
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RN- C=S" in the paragraph for "isothiocyanates" defined in Rule G8 10
described in the Nonencl ature (I UPAC Nonencl ature of Organic Chem stry)
established by the | UPAC (The International Union of Pure and Applied
Chem stry). It is preferably a conpound represented by the foll ow ng
formula (21): [Chem cal Formula 30] wherein R4 represents an organic
group having 1 to 80 carbon atons, and b represents an integer of 1 to 10.
[0088] Preferred R4 in the formula (21) is simlar to R4 in the formula

(20). 20[ 0089 'tﬂsb@faﬁé\}gglrﬂhé%é 23 416-Qf1?5fo%§'ﬁﬁgtol9?l'u%n@”n‘1?%§%l]m Ghatel 0 3

and a diiso ‘ocyana erred pecific
exanpl es of ;B it

i sot hi ocyanaﬂtH 8%@%3@%{&3%{1 ?égﬁtgtdﬂ%gnet ?Gér?e ?Euggtrﬁ?g%fgnat e,
'SophOfone ﬁi ' %ﬂ”a ACH 'ﬁ@% gm >fhse 4188t hEREm mgﬂeg %?ttﬁéqj“d?ﬁ@c

i somer), yfene dii s each 1so met hyl ehebi g(cycl ohexane)

S: : ggt E: ggggﬁtg%lge m%heﬁyp% 9i§0%9hﬁai‘é§)’66ﬁdiﬁed eg¢ hphsERlioan &1l ysi ne
5 corresponding aniline/formaldehyde condensate and having a methylene
bridge.
[0087] Next, the isothiocyanate will be described. The isothiocyanate
in the present embodiment is "sulfer analogues of isocyanates:
RN=C=S" in the paragraph for "isothiocyanates" defined in Rule C-8
10 described in the Nomenclature (IUPAC Nomenclature of Organic
Chemistry) established by the IUPAC (The International Union of Pure
and Applied Chemistry). It is preferably a compound represented by
the following formula (21):

[Chemical Formula 30]

R4—(-N---Cms )
b

15 (2 1)
wherein R represents an organic group having 1 to 80 carbon atoms,
and b represents an integer of 1 to 10.
[0088] Preferred R? in the formula (21) is similar to R* in the formula
20).

20 [0089] In the formula (21), preferred b is an integer of 1 to 3, and a

diisothiocyanate where b is 2 is more preferred.
[0090] Specific examples of preferred isothiocyanates include phenyl
isothiocyanate, naphthalene isothiocyanate, hexamethylene

diisothiocyanate, isophorone  diisothiocyanate, diphenylmethane
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[0091] In an enbodi ment, the separation nethod of the present 5invention
can be used in producing an all ophanate group-containing polyi socyanate.

[ 0092] Exanpl es of the all ophanate group-containing polyisocyanate include
conpounds represented by the following formula (22): [Chem cal Fornula 31]
XX H1111 X=C=N-R6-N-C-i-R9-1:27-1--R5I R74-R'r-C612 -N=C=X "kn
X"."---"NR6-N=C=X 10( 2 2 ) wherein R5 represents a (k + m-valent organic
group, R6s each independently represent a group derived froman isocyanate,

T LeprSsermnias 1A Mk (VRIS PSSR 8 0
- CH2- C( CH3) Z1&hyteebiRe delohdxfne )y CH2- ClliMdbfioByanate, naphthalene
diisothiocyanate (each isomer) and lysine diisothiocyanate.
[0091] In an embodiment, the separation method of the present
5 invention can be used in producing an allophanate group-containing
polyisocyanate.
[0092] Examples of the allophanate group-containing polyisocyanate

include compounds represented by the following formula (22):

{Chemical Formula 31]

X X
H ’ ‘ i
e LI p I 5 7 P [ Y
X==Cm=N R N C“(“R )‘—n R kR R ‘GR ')*'n C\N/R N=C=X N

)\Nszwmmwx
X H

10 (2 2

wherein
R’ represents a (k + m)-valent organic group,
R’ each independently represent a group derived from an isocyanate,

7 .
R’ represents an oxygen atom or a nitrogen atom,

15 R® represents a group selected from the group consisting of
~CH-CH,-O-, -CH,-CH(CHj5)-O-, -CH(CH;)-CH,-O-,
-CH,-C(CH3),-O-, -C(CHj;),-CHy-O-, -CH,-CH(Vin)-O-,
-CH(Vin)-CH,-O-, -CH,-CHPh-O-, -CHPh-CH,-O-, -CH3;-CH,-S-,
-CH,-CH(CH;3)-S-, ~CH(CH;)-CH,-S-~, -CH,-C(CHj;),-S-,

20 -C(CHj3),-CH,-S-, -CH,-CH(Vin)-S-, -CH(Vin)-CH,-S-, ~CH,-CHPh-S-

and -CHPh-CH,-S- (where Ph represents a phenyl group and Vin
represents a vinyl group), and a plurality of R's may be respectively

identical or different from each other,
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-CH(Vin)-CH2-0-, -CH2-CHPh-0-, -CHrh-CH2-0-, -CH2-CH2-S-,

-CH2-CH(CH3) - S-,-CH(CH3) - CH2- S-, - CH2- C(CH3) 2- S-, 20 -C(CH3) 2- CHz- S-,
-CH2-CH(Vin)-S-, -CH(Vin)-CH2-S-, -CH2-CHPh-Sand - CHPh-CH2-S- (where Ph
represents a phenyl group and Vin represents a vinyl group), and a
plurality of Rs may be respectively identical or different fromeach other,
X represents an oxygen atomor a sulfur atom Kk represents 0 or a positive
nunber, mrepresents a positive nunber, kK + mis a nunber of 3 or nore, and

Sn repr eseniSréproseris AR AUADOF a shPR93komn the formula (22), me k is
preferred, and m(k + 1) i's nore preferred. k 0.5 is preferred, k 0.2 is

nor e pref er kadprevedtk0 or@ pesitive hunitere preferred. [0094] RS in the formla
(22) may be a group derived froma hydroxy 10 conpound or a thiol

(i ncluding anrepreseits@ pouidlg nuhdsergxanpl e. Specifically, it may be a
residue in which (k + -OH groups are excluded froma hydroxy conpound,
or a residuk + m wha aonferofi or Bibrgr angs are excl uded from a thiol
(including an aromatic thiol), for exanple. The (k + m) value is preferably
a nuftber of nFepresente)) omarpositige puettsarabl y a nunber of 3 to 6, still nore
preferably a nunber of 3 to 4, and even nore preferably 3. Wen the hydroxy
conpound i s{GOP3H botiud forpules@)eth byk ihpréfermed, and16)> (k + h) ihendrer nul a
(15) is a nunber of (k + m or nore. This also applies to an aromatic

hydr oxy conpteiatredepriesehdeid prgfamed flornQi2aig meye efenias, ansbkesénised by
the 20formul a_(17) and, an _aromatic thiol represented by the fornmula (18).

[ 0095] R5[-$¢111(1mmpmf]n(rﬁd-1) inthe formula (22) nmay be a group derived

froma hydr compound or a thiol (including an aromgtic thiol). Exanples
of the hydr g@%oﬁepduﬁglei ripila (33 éngynbewgroup derived from a hyc}roxy

10 compound or a thiol (including an aromatic thiol), for example.
Specifically, it may be a residue in which (k + m) -OH groups are
excluded from a hydroxy compound, or a residue in which (k + m) -SH
groups are excluded from a thiol (including an aromatic thiol), for
example. The (k +m) value is preferably a number of 3 or more, more

15 preferably a number of 3 to 6, still more preferably a number of 3 to 4,
and even more preferably 3. When the hydroxy compound is an
alcohol represented by the formula (15), ¢ in the formula (15) is a
number of (k + m) or more. This also applies to an aromatic hydroxy
compound represented by the formula (16), a thiol represented by the

20 formula (17) and an aromatic thiol represented by the formula (18).
[0095] R’ [—R7—(RP)H—H](k+m) in the formula (22) may be a group derived
from a hydroxy compound or a thiol (including an aromatic thiol).
Examples of the hydroxy compound in this case include
triethanolamine, tripropanolamine and

25 1,3,5-tris(2-hydroxyethyl)cyanuric acid.

[0096] R® in the formula (22) may be a group derived from an

48



tri et hanol am ne, tri propanol am neand 251, 3, 5-tri s(2-hydroxyet hyl)cyanuric
acid. [0096] R6 in the folinula (22) may be a group derived from an

i socyanate or isothiocyanate, for exanple. In the case of an isocyanate
represented by the fornmula (20), R6 corresponds to R4 in the fornula

(20), and in the case of an isothiocyanate represented by the formula

(21), R6 corresponds to R4 in the fornula (21). A diisocyanate of the
5forrmula (20) where a is 2, or a diisothiocyanate of the fornmula (21) where

bis 2 is pelhensrdr s8886kyditae NvTheianaylRe! ade thelReslcdranvigbehindd of the
al | ophanat e group-contai ni ng” pol yl socyanate represented by the formula (22)

is usual ly reseséitad BPQRe dormiula BLOT,eRARIyrdspoads tarR18A0he/ forinulgore 10
preferably | ess than 1500 g/nol, still nore preferably | ess than 1200

tg/h gnln and p20) isnd a1 lthe ast erfabh Visothisctdmte 1épfesghial b?ﬂﬂhe_ forneulal i m t of
unber average nol ecul ar weight M is not particularly limted, but is
usual Iy 250(1)pR° correspendsTeRitinbide forandad 2t edutlisooyrghe dfhthes a
val ue neasured by gel perneation 15chronmatography (GPC) with pol ystyrene as
t he $t andar ormula (20) where a is 2, or a diisothiocyanate of the formula (21)
where b is 2, is preferred.
[0097] The number average molecular weight Mn of the allophanate
group-containing polyisocyanate represented by the formula (22) is
usually less than 2000 g/mol, preferably less than 1800 g/mol, more

10 preferably less than 1500 g/mol, still more preferably less than 1200
g/mol, and particularly preferably less than 1100 g/mol. The lower
limit of the number average molecular weight Mn is not particularly
limited, but is usually 250 g/mol or more. The number average
molecular weight Mn is a value measured by gel permeation

15 chromatography (GPC) with polystyrene as the standard.

[0098] The content of the NCX group (NCO or NCS group) in the
formula (22) is usually higher than 5 mass%, preferably higher than 6
mass%, and more preferably higher than 8 mass% and up to 17 mass%,
preferably up to 15 mass%.

20 [0099] The allophanate group-containing polyisocyanate in the present
embodiment may contain, in addition to the allophanate group, other
reactive groups such as unreacted hydroxy, sulfhydryl and isocyanurate
groups without departing from the spirit of the present embodiment.

[0100] The allophanate group-containing polyisocyanate can be

25 produced by reacting the isocyanate and/or isothiocyanate with a

hydroxy compound and/or thiol (including an aromatic thiol), for
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[ 0098] The content of the NCX group (NCO or NCS group) in the formula (22)
is usually higher than 5 nass% preferably higher than 6 mass% and nore
preferably higher than 8 mass% and up to 17 nass% preferably up to 15
mass% 20[ 0099] The al | ophanat e group-contai ning pol yi socyanate in the
present enbodi ment may contain, in addition to the all ophanate group, other
reactive groups such as unreacted hydroxy, sulfhydryl and isocyanurate
groups w thout departing fromthe spirit of the present enbodi nent. [0100]

The al | ophapaoll oUprg 98486l BehdRIOHSSOAY B 1558 Belcapbr oduced by

reacting the isocyana or 1sothrocyanate wt roxy conpound
and/or thio {1C i i Al f e i on
condi t1 ons. 19 147IpLH] ¢B8ctitn SERiRkaEre 8% Bielly Ap, (SABOPCS proRfabloGh! O
usual ly u 06, e n 100C,
and st ?/I I prrg(?el%gr gf eﬂr;lgﬁ ?‘ %g%blﬁgéggggéaq%@’egﬁ i%féiﬁr ?gh%r%fﬁg?%ﬁli

perforned i ibs%hﬁaﬁrwce}rhé Rhcab 'i§§?i%:f&ﬁ81 ?b?ﬁo&‘ﬁiedcﬁf ey prdnce

ur et hanation reaction and/or allophan on réaction. However;, the urethane

groug nmay abfogbeldadt model rca_tetlgstabéaaag@i@g arehkahtich . réAtd] Heder the
catalyst is a conpound in which the presence of the catalyst in the

starting magRopRdnaidoveastion et THewegegutheourathaophanaie maP also be
group-cont ai ni ng pol yi socyanate to be generated in an anmount |arger than

the case whésenédin sengbssneetdfiigcaalyati al is used under the same reaction
conditions wthout the catalyst. [0103] Exanples of the catalyst include
organi ¢ am f@K)2] Hepar thiec vhtatyst is a compound in which the presence of the
catalyst in the starting material allows a urethane group or allophanate
10 group-containing polyisocyanate to be generated in an amount larger
than the case where the same starting material is used under the same
reaction conditions without the catalyst.
[0103] Examples of the catalyst include organic amines, in particular,
tertiary aliphatic, alicyclic or aromatic amines, and/or organometallic
15 compounds of Lewis acids. Examples of the organometallic
compounds of Lewis acids include tin compounds, specifically, tin(Il)
salts of organic carboxylic acids such as tin(Il) diacetate, tin(ll)
dioctoate, tin(Il) bis(ethylhexanoate) and tin(ll) dilaurate; and
dialkyltin(IV) salts of organic carboxylic acids such as dimethyltin
20 diacetate, dibutyltin diacetate, dibutyltin dibutyrate, dibutyltin
bis(2-ethylhexanoate), dibutyltin dilaurate, dibutyltin maleate, dioctyltin
dilaurate and dioctyltin diacetate.  Zinc(Il) salts (e.g., zinc(Il)
dioctoate) may also be used. Acetylacetonates of metal complexes
(e.g., iron, titanium, aluminum, zirconium, manganese, nickel, zinc and
25 cobalt) may further be used.
[0104] Dimethyltin  diacetate, dibutyltin  dibutyrate, dibutyltin
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tertiary aliphatic, alicyclic or aromatic am nes, and/or organonetallic 15
conpounds of Lewi s acids. Exanples of the organonetallic conpounds of Lew s
acids include tin compounds, specifically, tin(ll) salts of organic
carboxylic acids such as tin(ll) diacetate, tin(ll) dioctoate, tin(ll)

bi s(et hyl hexanoate) and tin(ll) dilaurate; and dialkyltin(lV) salts of
organi ¢ carboxylic acids such as dinethyltin 20 diacetate, dibutyltin

di acetate, dibutyltin dibutyrate, dibutyltin bis(2-ethyl hexanoate),

di butyltin E!é(%tﬁ%ﬁexﬂh@b!ﬂe?,‘ gibut irﬁaﬂaurﬁb,()_@iddt?ltm dilaarutal oiriiH)
dioctyltin diacetate. Zinc(ll) salts (e.g., zinc(1l) dioctoate) may al so be
used. Acetylanebsteat es ofrcoBliah conplcendgedtondte, |1 0dhd titapirdBhitghum num
zi rconi um manganese, nickel, zinc and 25cobalt) may further be used.

[0104] Di mep{wyblo-reteimekiydiles-mdpbatadibhatedaupysfetied ad upyhdimetallic

bi s(2-et hyl hexanoate), dibutyltin dilaurate, dioctyltin dilaurate, zinc(ll)
di octoate, zomponindncfdedwisedtanate and zirconium
2,2,6,6-tetramet hyl- 3, 5- hept anedi onate are preferred as organonetallic
conpéunds of 01 ThacimsunbhDirR5iatihet asednt 0di0 It tre1Ganal%sprafseabl's 0. 001
to 10 nol % preferably 0.5 to 8 nol% nore preferably 1 to 7 nol% and
still nore PriefeBanblo2ntareHrotdrabhatdd 7omaltie Wtﬂ{me(pﬁé:&@bbuﬁ and/ or
NCS group). [0106; The reaction tine is not particularly limted, but is
preferably ( 60100t% Waedar the NODE gpowd ENAKD eroup andéori(fograypland stil |
nmore 10 preferably 0.1 to 10 hours. The reaction can al so be conpl eted
after col | et@10fy reagtioholimeoisutipbpagiiculaslyf linntedy bufais prefaradphanat e
group-cont ai ni ng pol yi socyanate havi ng a desired nunber average nol ecul ar
wei ght has Bd¥H g@n‘e@/ droaus, gyiragprpderabdy bt th 20nhents cyrhphill, mae
exanpl e. 15[ 0107], The reaction is preferably perfornmed w thout a sol vent,
but 18 sol venrelgtdblpel.dse 1 Prhepger khs reagsion pan ﬁ?%%”g@i egmplsted atfes

fluidity, for _exanple. [0108] The solvent is preferably a sqlvent which is
inert to ancPHeeinmae seaglicst HOS QA gqqmpmm Thatuanc allgphanate
pol yi socyanate is 2Q dissolved preferably at 1Q nass% or nore, nore
preferably 8FOURSCRELMEBANS Pﬁiyég,ocg’ﬁlﬂe i@ﬁ’yén%r@f g?%‘ﬁ‘? BYMBET nA¥SWHESr nor e,

and even nore preferabl}/ at 75 ss% or nore. . .
molecular “wefght has been generatéd, using gel permeation

chromatography, for example.

15 [0107] The reaction is preferably performed without a solvent, but a
solvent may be used in order to lower the viscosity to ensure fluidity, for
example.

[0108] The solvent is preferably a solvent which is inert to an
isocyanate or isothiocyanate group and in which a polyisocyanate is

20 dissolved preferably at 10 mass% or more, more preferably at 25
mass% or more, still more preferably at 50 mass% or more, and even
more preferably at 75 mass% or more.

[0109] Aromatic hydrocarbons (including alkylated benzenes and
naphthalenes) and/or (cyclic) aliphatic hydrocarbons, and mixtures

25 thereof, chlorinated hydrocarbons, ketones, esters, alkoxylated alkanoic

acid alkyl esters, ethers, and mixtures of these solvents can be used as
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[0109] Aromatic hydrocarbons (including al kyl ated benzenes and
napht hal enes) and/or (cyclic) aliphatic hydrocarbons, and m xtures

25t hereof, chl ori nated hydrocarbons, ketones, esters, al koxyl ated al kanoi c
acid al kyl esters, ethers, and m xtures of these solvents can be used as
such solvents. [0110] The aromatic hydrocarbons and m xtures thereof are
preferably conpounds having a boiling point range of 80 to 350C and havi ng
7 to 20 carbon atons. Specifically, toluene, o-, m or p-xylene, 5

trimet hyl begzepgjvegfers, tetranethyl benzene isoners, ethylbenzene, cumene,
t et rahydr onapht hal ene, and m xtures containing these are preferred.

Exanpl es i npd udy Bak \W@eanfid) hg rdeaiioeh VR ImbierasCHered NaRaplafErdtay .
Sol vesso(R) 100 "( CAS No. 64742-95-6, mainly C9-Cl0 aromati c conpounds,

boi | i ng poi g heds davide4 Balih int 03¢ he3150rg AR RA &%'9‘% ca. 182
to 207C) and %%% (C,%\S %@647421- éﬁ?,gaz%ew | as Shell sol (R‘)/1 S(r)lel |,

Caromax(R) 00 Reibeshemvsar | esSpédfigallyCatslumié,R) o-18)mandr Hysikgtaie, of DHC
(e.qg., Hydrosol (R) Al70). Hydrocarbon m xtures conposed of paraffins,

cycl gpar af f {rivpedndbanasmi isoraerny) ondsmdthelbitteche adentage etfrylbemtdag! (e. g.,
Kristalloel 30, 15 boiling point range ca. 158 to 198C or Kristalloel 60:
CAS No. 647é2m@del)tetrohiyteosqphthalete, cand sinikfuzesd ycor@aibg. ti6ke42r82- 1) or
sol vent naphtha (light: boiling point range ca. 155 to 180C, heavy: boiling
poi nt rangepoder2d5 thxBAPLEs. inthede SolerxsofR ) eEaxomatliobilcOipmindl,i n such
a hydrocarbon m xture is generally h:(gger than 90 20 nass% (Erﬁef erably
hi gher t hani®pantecdey, ParvessaRar Q0 (A Sr Mol WA4MdgRR -G, haairdg GEISW and
still particularly preferably higher than 99 nmass% It may be advantageous
to use a hydramatibocompounds, tiling popdr racge atd.y 1bédwtmaph¥a), ehB0cont ent .
[0111] Exanples of the (cyclic) aliphatic hydrocarbons include decalin,
25allRy| at ed{lmbiagi poinanangs oaet 8ita A0 /8E ) aind 20 4L A No.abt el 9dHkpnes
as well as Shellsol(R) of Shell, Caromax(R) of Petrochem Carless (e.g.,
Caromax(R) 18) and Hydrosol of DHC (e.g., Hydrosol(R) A170).
Hydrocarbon mixtures composed of paraffins, cycloparaffins and
aromatic compounds include trade name Kristalloel (e.g., Kristalloel 30,
15 boiling point range ca. 158 to 198°C or Kristalloel 60: CAS No.
64742-82-1), white spirit (e.g., similarly, CAS No. 64742-82-1) or
solvent naphtha (light: boiling point range ca. 155 to 180°C, heavy:
boiling point range ca. 225 to 300°C). The content of the aromatic
compound in such a hydrocarbon mixture is generally higher than 90
20 mass%, preferably higher than 95 mass%, particularly preferably higher
than 98 mass%, and still particularly preferably higher than 99 mass%.
It may be advantageous to use a hydrocarbon mixture having a
particularly low naphthalene content.
[0111] Examples of the (cyclic) aliphatic hydrocarbons include decalin,
25 alkylated decalin, and isomer mixtures of linear or branched alkanes

and/or cycloalkanes.
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and/ or cycl oal kanes. [0112] Exanples of the esters include n-butyl
acetate, ethyl acetate, 1-nethoxypropyl acetate and 2-net hoxyet hyl acetate.
[0113] Exanples of the ethers include THF, dioxane, and ethyl ene glycol,

di et hyl ene glycol, triethylene glycol, propylene glycol, 5 dipropylene

gl ycol or tripropylene glycol dinethyl ether, diethyl ether or n-butyl
ether. [0114] Exanples of the ketones include acetone, diethyl ketone,

et hyl methyl ketone, isobutyl nethyl ketone, nethyl amyl ketone and t-butyl

met hyl ket OE‘{?}nldzﬁ??% lePYY IROCHRPRLRELATE OO URLeathaKNE Bbefaf@st one

conmponent ( coritaining a group reactive to an Isocydnate and/ or an

i sot hi ocyanqxtlﬁet}@%lﬁ@ﬁy%@tg{e A Q%eﬂﬁ{%@ tade@ityur et hane paints. Such
gOIEr |

pol yi socyanat es can be” Obt ai ned by ol ation of nonomer isocyanates,

for exanpl e[Q IBI0EXEmplBe AP RMESthERO¢NERdEeTHINdxaneotid eaylehes used
may be aromatic,” aliphatic or alicyclic, and are preferably aliphatic or

alicyclic (bgy®in ﬁiétﬁf,fletlecaglyfifd)l,( cugéthglerdd | phatdlc) propylengr eglﬁ/lc@tgl y

al i phatic iSocyanates and/or "al i phatic 1sothiocyanates, and sti nor e
preférably dipropgtde pbawyanatrggopxfielgRlcoRatintatynl otherudashgbetiairni ng t he
al | ophanat e group-contai ni ng pol yi socyanates produced by the nethod
descri bed abpwebutyhethar. unreact ed i socyanates, isothiocyanates, hydroxy
conpounds and thiols (including aromatic thiols). Al though these unreacted
products maj0betlaExawgies afrthedietonas tiheludeaaddtamne,ndiethylelsetonke etiylophanat e
25gr oup- cont ai ni ng pol yi socyanates are suitably used as urethane paints in
appl i cat i onmathylkeiong, apguey hnogthylLikktane, suethyhsnayit loetone vendotrbotd and
methyl ketone.

10 [0115] Polyisocyanates are compounds having at least one component
(binder) containing a group reactive to an isocyanate and/or an
isothiocyanate, and are useful in two-component polyurethane paints.

Such polyisocyanates can be obtained by oligomerization of monomer
isocyanates, for example.

15 [0116] The monomer isocyanates and/or isothiocyanates used may be
aromatic, aliphatic or alicyclic, and are preferably aliphatic or alicyclic
(herein briefly called (cyclic) aliphatic), more preferably aliphatic
isocyanates and/or aliphatic isothiocyanates, and still more preferably
aliphatic isocyanates.

20 [0117] Reaction mixtures containing the allophanate group-containing
polyisocyanates produced by the method described above contain
unreacted isocyanates, isothiocyanates, hydroxy compounds and thiols
(including aromatic thiols). Although these unreacted products may be
allowed to remain in the reaction mixtures, the allophanate

25 group-containing polyisocyanates are suitably used as urethane paints in

applications requiring appearance quality such as automotive paints and
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construction paints, and it is thus preferred to renove the unreacted
products fromthe reaction m xtures, and the separation nethod of the
present enbodi nent is suitably used. [0118] In an enbodi nent, the
separation nmethod of the present 5 invention can also be suitably used in
distillation separation of a m xture obtained by thermal deconposition
reaction of the above-described N-substituted carbam c acid ester,
N-substituted O-substituted thiocarbam c acid ester, N-substituted
S-substi t ut gehdtRhQrH ngﬁ%t%, %pudite&t BuLhrdfesiddstd bihRA iR RFaGRAI ¢ acid
ester. 10[0119] The thods tor producing such an N-substituted carbam c
aci d ester, pRh@URS oM 8¢ RmeHBA XSS, tAHP B@;E@Iﬁti@ﬁ' BeBfd@of the

N- substituted S-substituted thiocarbam ¢ acid ester and N-substituted

di t hi ocar bapiésent ethtRfiflentiesuiedblpajseldcul arly limted and various known
nmet hods can be used. Such an N-subStituted carbanm c acid ester,

N-subst it ut g0l 1 8I5I8- stibeiibodie@nt hithe asbpaiationciedriderof Nheuhgbsditt ed
S-substituted thiocarbam c acid ester and N-substituted dithi dcarbam c acid

estes may banergiongéan esbere auitablyiustdria distidatpbseddrbsionfofestrikture[ 0120]
Since the N-substituted carbamc acid ester, the N-substituted

0- subst i t ut ebtdihedclay bidwimahadetonspesitiohhecdstionboifi thet eboSesddsstibedt ed 20
t hi ocarbam c acid ester and the N-substituted dithiocarbam c acid ester are
al | subj ect Bsnbstetusidvi larbmmpes atdcd f ester,heNvabbstetatet oSDisubistit@adt i on,
the thermal deconposition reaction for these above-descri bed conmpounds w ||
be descri bethibeabamisi agidt beteryaN-sldstitpied Siorbstitateti dnocdrbahdc acid
N-substituted carbam c acid ester as an exanple. An 25isocyanate and a

hydr oxy conpsténér a¥-substieited dahiocarbammekcidbeseposi ti on reaction of the
N-substituted carbamc acid ester, and the isocyanate may be replaced with
a cdPr espont@hid]i $bennothpalsaiios producimgr stath ae dospbstituteth cadwmicoacidf t he
N-substituted O-substituted thiocarbam ¢ acid ester, the hydroxy caonmpound
may be repl asien Mrsubsiiteiedr@spbntitwigdithienarbamae esid pefer, INwubsstuteder nal
deconpositign reaction 5 of the N-substituted S-substituted thiocarbamc
aci d ester anWhstiutesothjaepbaniaame asign ared Nwibatiited itk perdiangc

i sot hi ocyanate, and the hydroxy coppound may be replaced with, a

corr espondi Agid RSter age Nt prsticelarty Hmites apﬁevamu%@@wﬁbmth@ds (C&8Bct i on of

t he N-substjtuted, dithi carbﬁm' acid ester. . ] .
Ibe used. guc an -su%stltuted caﬁaamw acid ester, N-substituted

15 O-substituted thiocarbamic acid ester, N-substituted S-substituted
thiocarbamic acid ester and N-substituted dithiocarbamic acid ester may
be a single ester or a mixture of a plurality of esters.

[0120] Since the N-substituted carbamic acid ester, the N-substituted
O-substituted thiocarbamic acid ester, the N-substituted S-substituted

20 thiocarbamic acid ester and the N-substituted dithiocarbamic acid ester
are all subjected to a similar operation for thermal decomposition
reaction, the thermal decomposition reaction for these above-described
compounds will be described below using thermal decomposition
reaction of the N-substituted carbamic acid ester as an example. An

25 isocyanate and a hydroxy compound are generated in thermal

decomposition reaction of the N-substituted carbamic acid ester, and the

54



10[ 0121] The step of producing a m xture containing an isocyanate and a
hydr oxy conpound by subjecting the N-substituted carbam c acid ester to

t hermal deconposition reaction. [0122] This step may be performed with or

Wi thout a solvent, but is preferably inplenented in the presence of a

hydr oxy compound. 15 Wen a hydroxy conpound is used in the production of
the N-substituted carbam c acid ester, the hydroxy conpound can be directly
used as a hydroxy conpound in this step. In the case of a nethod of

produci ng. t iescliafises hid R0 retaba ¢itACh bocitéPorkling a3otionyAlate AT boni ¢

acid ester wth an orgdnic primary amne, since a h%/droxy 20 compound is

gener at ed asha@mnifadetompositiPdrektiohhdhylle oxysiesewdd Qambagngtegect |y
used as a hydroxy conpound in this step. |If necessary, this step may be

i mpl ement ed tlabtarbaagiicusdit n@tdrh eheaRDARSx o Eoipuddhay b espgesd! with a [ 0123]
The nunber of noles of the hydroxy conpound'is preferably 0.2 25to0 50

times, norecprekgording tBidl droardhdtidgo] firdheth! deesappsiefosr @aksod to 20
times of the total nunber of noles of the ester groups contained in the

N-suldstitut ed tar Besubseanitdd eStarbstinutedr tisioohriidmeict raaid f esteefdricithacy of
the N-substituted carbam c acid ester and the size of the storage tank
during st or ageyahdtt2dhyAe sppact ivathea icoerspendngnisotiagcpenaaddad the or der
to make the 5 reaction operation easier, for exanple. Exanples of the

i nert sol vehydioxy wtenpoiratdanayubt seplaeedaneitii eactoriresponding hépohne (each
i somer), octane (each isoner), nonane (each isoner) and decane (each

i somer); ar eremnatic thlotarthenmahdecanipdsitsom seactinre df theMitsubshiyaiedcar bons
such as benzene, toluene, xylene (each isoner), ethylbenzene, 10

di i sopr opy| dghregsebamae hcidsester.) , di but yl benzene (each isoner) and
napht hal ene; aromatic conmpounds substituted with a hal ogen or nitro group
suchlas chl §9 bbkhIbaestepliof produping @ meixter RonteomBe)an Hosyebaiezamd a

di br onobenzene (each isoner%, chl oronapht hal ene, br ononapht hal ene,

nitr obenzengydwshpommm Hisshiecting they N-pebstitatad, sabeatsawid ®sisunds
such as dipheg¥l, upstituted di phepyl, diphenyl nethane, terphenyl,

ant hr acene #h ‘Hﬂﬁi PEIQRERen feadP-somer ) ; al i phati c hydrocarbons such

as cycl ohex cycl. opent ane, .cycl ooctane and et hyl cycl ohexane; ketones
such as et W22k S RtamoAeash e REdPBHRArBHE; OR Hu B bRy OISR ANt 6,

i ht hal ' | .
dihexyl p tp?eiaegaebi?/n?m%lgr%teﬁted in the presence of a hydroxy compound.

15 When a hydroxy compound is used in the production of the
N-substituted carbamic acid ester, the hydroxy compound can be
directly used as a hydroxy compound in this step. In the case of a
method of producing the N-substituted carbamic acid ester by reaction
of a carbonic acid ester with an organic primary amine, since a hydroxy

20 compound is generated as a reaction by-product, the hydroxy compound
can be directly used as a hydroxy compound in this step. If necessary,
this step may be implemented after adjusting the amount of the hydroxy
compound.
[0123]) The number of moles of the hydroxy compound is preferably 0.2

25 to 50 times, more preferably 0.3 to 30 times, and still more preferably 1

to 20 times of the total number of moles of the ester groups contained in
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20pht hal ate. [0125] The reaction tenperature of thernmal deconposition
reaction is preferably in the range of 100C to 350C. Hi gh tenperatures are
preferred to increase the reaction rate. However, since the above-described
side reaction nmay be caused by the N-substituted 25carbam c acid ester

and/ or the product isocyanate at high tenperatures, the tenperature is nore
preferably in the range of 150C to 250C. Known cooling or heating
apparatuses nmay be placed in the reactors to nake the reaction tenperature

constant. A{QRUGMbdtRAtdEEMDaRIC RICES ufc® NALHBS TGN dhmdet effifienkype of
t he conpound used and the reaction tenperature, the reaction nay be

performed upfeie Nedubaftutdd BAPIBMESCIARART Y 1R siPé ©FTHE StOagendrk
i ncreased pressure and is preferably perfornmed at a pressure i'n the range

of 20 to 1 yudifg dheragkhe reaction tinme (retention time in the case of the
continuous nmethod) is not particularly limted, and is preferably 0.001 to

100 hours, p@rapaef gﬁ@bifyia@e 00t solveit hagy He @ddbdsin biderabempkeftaeabl y
0.01 to 10 hours. 10 70126] It is preferred not to use a catalyst in

t her fal decpegotivint bﬁﬂalti@@%étsi)ﬂ, fopwxeatplewhdixemphsadfytte irsertsetvém any
step in producing the N-substituted carbam c acid ester, the catal yst

resi due or irdude kdkamas becks apdidsedet @acheisoherieheptanefpash tisomes),ep. Such
a catalyst residue or the like may be present in this enbodi ment. 15[0127]
Wien the N-sotasiei eatkdsomebymanaaei @achtisomies) andrdewiane d each dshiingh);
tenperature for a long tinme, side reactions nmay be caused such as reaction
of gener at i agpmatic ehy rbong &ind gk o swloatitdtdsl exomedict ihydrocarbemsye
carbonic acid esters fromtwo nol ecules of the N-substituted carbamc acid
ester, and geclct asn bemzgoeer toliere,arxxdenopKaach e igpmean, bgthybensent,i on with
t he i socyanate group generated by thernmal_ deconposition of the

N-suBst i t ut diisepiapyibenzeasied (eashetsomen), slibuiilbenzensofenakylisomene apime
during which the N-substituted carbanjc acid ester, .and the i socyanate are
mai nt ai ned agphthalene; tawpeate geama! e$‘§?5é1¥u9f>da§‘/1§”h@r halpgepogsimire.
Therefore, the thernnl deconposition reagii n is preferably 25perforned by
t he conti nu8tiUihetshed. Fhe C@Nﬁbﬁ%@&e,m TabeRZaRe hdgash vEPBITA mi xture

containing the N-substitufed carbanmic acid, ester js nti nupysly supplied
to a react oPTRIHADSHEGt ahibrosmopansne hpdsowesh cBlRionaRhihMdane

Phe.t her mal DHGHGRABGIEAGIT GHBCHPRETIE | RBdc R IR HERFodbopisg e

! OW_llgOi . “ghﬁiﬁr 260h compounds such as diphenyl, substituted diphenyl,
diphenylmethane, terphenyl, anthracene and dibenzyltoluene (each
isomer); aliphatic hydrocarbons such as cyclohexane, cyclopentane,
cyclooctane and ethylcyclohexane; ketones such as methyl ethyl ketone
and acetophenone; and dibutyl phthalate, dihexyl phthalate and dioctyl

20 phthalate.
[0125] The reaction temperature of thermal decomposition reaction is
preferably in the range of 100°C to 350°C. High temperatures are
preferred to increase the reaction rate. However, since the
above-described side reaction may be caused by the N-substituted

25 carbamic acid ester and/or the product isocyanate at high temperatures,

the temperature is more preferably in the range of 150°C to 250°C.
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5 generated by thermal deconposition reaction of the N-substituted carbamc
acid ester is preferably recovered fromthe thermal deconposition reactor
as a gas phase conponent, and the renminder is recovered fromthe bottom of
the thermal deconposition reactor as a |iquid phase conponent. Although al
conpounds present in the 10 thermal deconposition reactor can be recovered
as a gas phase conponent, a polyneric conpound generated by side reaction
caused by the N-substituted carbam c acid ester and/or isocyanate is

di ssol ved apthdy¥e cBelinges: Heétli%[%ggggraitﬁs&_rﬂé?@@gid‘c'éﬁrﬁhbtﬁh%aéfd@%ed to

and accunul ated on the therma nposition reactor by allowmng a |liquid

15 phase coppgrentet ech@idt efeRperlafutchedelial  dgeimes| tHeoreafdehor . An
i socyanate and a hydroxy conpound are generated by thermal deconposition

reaction of pidteulN subieki dddcedirgatdaltciypel 8f ebé efompithdtudedashd ahe of
t hese conpounds is recovered as a gas phase conponent. Which conpound is

recovered agedttidfs t@hp@mtgﬁm@@eﬂéadiﬁﬂﬁmﬂ%dﬁb ¥ frernidie umler degioepdsi ti on

reaction conditions and the like. [0128] re, the term"low boiling
conpénent geressatedubglert mermal plesomeosit inderr éeathsa gfresdureNusdibist i t ut ed
carbam c acid ester” used in the present enbodi nent refers to a hydroxy
conpound angteferablyi sadyanad extgeneesdued ibyteheanml ofebmpasix i16f Regacti on
of the 25N-substituted carbam c acid ester, in particular, a conpound that
may be presdhi reachiogdimer{oeentibn tuadinttheremsevedrthe tdoatinteusahethod)
deconposition reaction is inplemented. [0129] It is possible to adopt a
met hod of ré&coeepangculadyi bodieahanel Enpratheatlydd.00) toohPddmdirgenmrat ed by

t hermal deconposition reaction as a gas _phase conponent and recovering a

| i qui d phasgrefergdpdhf05 so Sfrhatimj a@t? shl mosupstfpralp @ ChivdRilowsi d ester,
for exanple. In this nethod, the isocyanate and the hydroxy conpound may be
sepdfatel y (@EYjeHets pyefartedenatito dessoaporiptysérinr twemad . dgapmapgsitnen t he

| i qui d phase conponent contains the N-substituted carbam ¢ acid ester, it

i s preferreteacsionppipwsyes vheal & cafalyplels pgeq dn any step in producing

the N-substituted carbamic acid ester, the catalyst residue or the like
may be supplied to the thermal decomposition step. Such a catalyst
residue or the like may be present in this embodiment.

15 [0127] When the N-substituted carbamic acid ester is maintained at a
high temperature for a long time, side reactions may be caused such as
reaction of generating a urea bond-containing compound by a reaction
to remove carbonic acid esters from two molecules of the N-substituted
carbamic acid ester, and reaction of generating an allophanate group by

20 reaction with the isocyanate group generated by thermal decomposition
of the N-substituted carbamic acid ester, for example. Accordingly,
the time during which the N-substituted carbamic acid ester and the
isocyanate are maintained at a high temperature is preferably as short as
possible. Therefore, the thermal decomposition reaction is preferably

25 performed by the continuous method. The continuous method is a

method in which a mixture containing the N-substituted carbamic acid
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10 phase conponent to the upper part of the thermal deconposition reactor
and subject the N-substituted carbam c acid ester to thermal deconposition
reaction again. Here, the upper part of the thernmal deconposition reactor
refers to stages second or higher fromthe bottomof the colum in terns of
nunber of theoretical plates when the thermal 15 deconposition reactor is
a distillation colum, and refers to a part above the heat transfer area
bei ng heated when the thermal deconposition reactor is a thin film

distiller, bgrexapphenudiiep iedl t&ld rehctbPerdd QUbERIRSS ﬁmpﬂent s

supplied to the upper part of e thermal deconposition reactor, the liquid

phase conpogessmipdsiTRin irehfgen 28R4 eflRy agr@n)éra?tbd5%crﬁ,’ﬁn8&0%ndml{ﬁir8k ferably
at 70C to 230C, and still nore preferably at 100C fo 200C and ‘transferred.

[0131] It igoslpramdoes bbetihGo@lonixttadi®d Hasmothe eenel iieoisodieayanat e
and the hydroxy conpound generated by thermal deconposition reaction as a

gas phase cesgeoent andheecorginudgisa méthedd piaskpv2Ieolingnedimseidai ni ng
the N-substituted carbamc acid ester fromthe bottom of the thernal

decoifposi t i genemted oby flernet adptempbkiiod nrebbiisn o€t fhed Nidubsgagedonponent
containing the recovered isocyanate is preferably supplied as a gas phase
to a distil tathammcapgpcidatasserf ors pprafésabhyg aacowapdr dromg thee tlsgaydnate. On
the other hand, it is preferred to supply sonme or all of the liquid phase
conponent  HecamipasiiongredotomMas abgis phasd compument, @od thestmaindertise upper
part of the thermal deconposition reactor and subject the N-substituted

car bani ¢ acittessred fromt ther battode ednihesiheironl rdeaotiposiagai neac\ireas sone or
all of the liquid phase conponent is supplied to the upper part of the

t her mal decbaptdiphase ceamarentt heAlthqu‘gE pHasengumueisepresent 0 thai nt ai ned
preferably at 50C to 180C, nore preferably at 70C to 170C, and still nore
preflér abl y shermmicdesonpwsition raaster erarede [BLezprad ass o ugashaphasessi bl e
to adopt a nethod of recqvering the hydroxy conpound as a gas phase
conmponent f FOMPMENE,sd Gyl Hatesicapampesingy gensaptec byosidg @@ﬁgom@ws@ t her mal
deconposi ti gn reacti %I’gl; . 15 and recovering the m xture contai nj nqg']é(t he

i socyanat e 8 the| Nobstigeadcasbaponastd ehsin HHOCYRNYE IShélssplaedal

deconposition, reactaor, for exanple .In this e, the liquid phase
conponent i@nédgtsm@mealq remmand n%pr%wra%@ﬁ%@elaﬁda%@ﬂ Beypifate is

recovered. Wen the liquid phase, conponent, ,contains.the N-substituted

carbami c acPRCEY t?diqcf'l ﬂseﬁwfﬁ# PRESIEOR dppt  bynalewing f liguidhe

m xtyre containing the N-substituted carpanmc acjd ester to the upper part

o IRe o bR e Dame 161 By GuEbeRt Shahe dbsensl dreonrasttert Bl en bam ¢

acid ester t,o t.hernal deco(g‘pogi tdgon reaction a%?i n. Wien sonme or al,l of the
|

i qui d phasé Mt dRPSHRIS & NRGXY o CORPARTe Are, gnested, DYy tagrmal

decomposition reaction of the N-substituted carbamic acid ester, and at
least one of these compounds is recovered as a gas phase component.
Which compound is recovered as a gas phase component depends on
20 the thermal decomposition reaction conditions and the like.
[0128] Here, the term "low-boiling component generated by thermal
decomposition reaction of the N-substituted carbamic acid ester" used in
the present embodiment refers to a hydroxy compound and/or an
isocyanate generated by thermal decomposition reaction of the
25 N-substituted carbamic acid ester, in particular, a compound that may be

present as a gas under the conditions where the thermal decomposition
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25deconposi

preferably at 50C to 180C, nore preferably at 70C to 170C, and still
at 100C to 150C and transferred. [0133] As descri bed above,

preferably
t he thernal
preferably
reactor. Thi

tion reactor, the liquid phase conponent is maintained

deconposition reaction, the |liquid phase conponent is
recovered fromthe bottom of the thermal deconposition
S is because a polyneric 5 by-product generated by the

nor e
in

above-descri bed side reaction caused by the N-substituted carbam c acid
ester and/ o;ed&wgqﬁ{ﬁeﬁ@mag di ssol ved and di scharged fromthe thernal

deconposi ti

on reactor

as a l1quid phase conmponent by allowng the liquid

phase conpong@nioft i i@g;d%rsﬁﬂ@@é aﬁ@%ﬁ%é@@d@ﬁréé@%ﬂﬁgsﬁhéii%bya@@@é ghd This

reduces attachnment t

and 10accu

'ation on the thernmal deconposition

reactor of {lehp@tosEEdPOARE rafe@d B¢ thotherl ddvenperition paseos @gponent
contains the N-Substitutéd carbam c acid ester, sone or all of the liquid

phase corrpoae%hs i Shaeprbhgsbrient t 48d upRerepapt aoliqui@ phasemebngsmmosi tion
e

reactor and t

15 N-substituted carbamic acid ester is subjected to

t her §al decoop@shinigother Bagibisviturdatarbaatid adiérstdrj Sorstepmpie.r ehediied, a

pol ymeric by-product may be accunmul ated in the |iquid phase conponent.

In

this case, awthou] dié¢ wooybnhteeapd thednidroky-@mpuohd aany e sephratalyor t he

pol ymeric by-product can be maintained at a certain concentration by
20r enpvi ng sarveoed byla tfermtad decomipdsphas ecasdmponent from the reaction

10

15

20

25

[0130] When the liquid phase component contains the N-substituted
carbamic acid ester, it is preferred to supply some or all of the liquid
phase component to the upper part of the thermal decomposition reactor
and subject the N-substituted carbamic acid ester to thermal
decomposition reaction again. Here, the upper part of the thermal
decomposition reactor refers to stages second or higher from the bottom
of the column in terms of number of theoretical plates when the thermal
decomposition reactor is a distillation column, and refers to a part above
the heat transfer area being heated when the thermal decomposition
reactor is a thin film distiller, for example. When some or all of the
liquid phase component is supplied to the upper part of the thermal
decomposition reactor, the liquid phase component is maintained
preferably at 50°C to 280°C, more preferably at 70°C to 230°C, and still
more preferably at 100°C to 200°C and transferred.

[0131] It is also possible to adopt a method of recovering the isocyanate
and the hydroxy compound generated by thermal decomposition
reaction as a gas phase component and recovering a liquid phase
component containing the N-substituted carbamic acid ester from the

bottom of the thermal decomposition reactor, for example. Also in this
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system [0135] Although the formof the thernmal deconposition reactor is
not particularly limted, a known distillation apparatus is preferably used
to efficiently recover the gas phase conponent. For exanple, various
25known net hods are used such as methods using reactors including any of
distillation colums, multistage distillation colums, multitubular
reactors, continuous nultistage distillation colums, packed colums, thin
filmevaporators, reactors equi pped with internal supports, forced

circulationp&aeHO tBe %éé 'dd?ﬁ%éﬁéﬂ{‘ %_ﬁ?ﬁﬁﬁhﬁoﬁﬁe aRolatdd rigogféipd_te 1§
[ a

evaporators, as wel met hods 1 n which these nethods are conmbined. 5 In

order to ra 'Qﬂemm?_rr@uﬁ?ﬁ@@ hovy bedd igHhse OrP O eisEllhiBf bpparRast fn
systens, methods uSing tubular reactors are preferred, and methods using

reactors supirifyirgumdasehdvabinkl ke S¥apeiRier s G ctlicubhar Haakl, i iis! i | m
evaporators are nore preferred.” Structures having a |large gas-liquid

contact arepreéfieerepl ebersupglywhichecan aHpiofl Yhé r Hgsfderplidve Rgepenaited
| ow boi | i ngpconponent top?hyémgas phase. [0136] Tﬂe na}?eri als for the

therfal decooptshingother Maqilstitated ddrbamitacithystbet@mye kppenpast el thal s
unl ess the N-substituted carbam c acid ester and the products such as the

aromati ¢ hydnerxyalcdeqmupdsitiot tdretdrs any awbjectathe Ndwdrssgttedatidaned, and
SUS304, SUS316, SUS316L and 15the like are inexpensive and can be
pref erabl y asabesten 18 ThernSelpdeatrhpositienhedcionagdimg MWhemeopresenil
enbodi nment > The separation nethod according to the present enbodi ment
conpri ses aofttye bfjusdpgrasei ognponeehds sipphed tm thetippeer part of the
hydr ogen-cont ai ni ng conpound (A) or a conpound (B) that reversibly 20
reacts wit htltgsmalr odecompasition cactomi tige (A)quadd nt@pe bycamponentatison in a
mul tistage distillation colum; and a step of supplying the mxture to an
i nadtd ve r eghaintdioedeprefdrablish at HEO%uItoi 58QYe diarei piedetably cdl TOC tp0138]
The term "inactive region"” refers to a re%ion inactive to the reaction
bet ween (A) 1dRAC Bnd sEplamiore paelieyablytatrldiiSsta bSA ¢ egiddransierred.
[0132] It is further possible to adopt a method of recovering the
hydroxy compound as a gas phase component from the isocyanate and
the hydroxy compound generated by thermal decomposition reaction
15 and recovering the mixture containing the isocyanate as a liquid phase
component from the bottom of the thermal decomposition reactor, for
example. In this case, the liquid phase component is supplied to the
distillation apparatus and the isocyanate is recovered. When the liquid
phase component contains the N-substituted carbamic acid ester, it is
20 preferred to supply some or all of the mixture containing the
N-substituted carbamic acid ester to the upper part of the thermal
decomposition reactor and subject the N-substituted carbamic acid ester
to thermal decomposition reaction again. When some or all of the
liquid phase component is supplied to the upper part of the thermal
25 decomposition reactor, the liquid phase component is maintained

preferably at 50°C to 180°C, more preferably at 70°C to 170°C, and still

60



25whi ch the effect of increasing the rate of reaction between (A) and (B)
Is small. [0139] As described above, when distilling and separating a

m xture of a plurality of conpounds that can react with each other, these
conpounds often react with each other, so that the reaction product
contam nates the distillation colum, the recovery efficiency by 5
distillation separation is reduced, or distillation separation itself
cannot be perforned. Surprisingly, the present inventors have found that

the rate of ni®egrefiabBt MEEIV( Ao 2F0°CBhd(fr@isfenadpl e, the reaction between
(A) a hydroxy conpound and/or a thiol and (B) an isocyanate and/or an

i sot hi ocyanfd E)3]i Asaddseeibed dhyovd)ennhbeheahabddcampasiifont heaquii, thé0
contacting with a m xture of (A) and (B), and this finding has led to the
conpl eti on Gfjuidhehpsesentpdnenens posterdily4@fovefed fonasipe bbttoin ifehe
separation method of the present enbodinment is a separation nethod where
t he mul ti st dyendil stdddomtpamtionl ueactios. a plhise isol benausand t pelymaeriti ve
region is a region in which 15the surface contacting with the mxture is
forméd of abpmtreduat genactted eyt che rbaveadescorbedesieereacipnacabised) by[ 0141] A
second aspect of the separation nethod of the present enbodinent is a
separ ati on Het Nesubshiduied: tarbamic iasichggerpadiariisedyanatod cambei dissolyadked
columm, and the inactive re%lilon is aregion in which 20 the surface
cont acti ng ang kischarged fione the therowal dlegompasiper keagjonsas ediquidiphased by a
material inactive to,the reaction between (A) and (Bz. .
component by allowing the liquid phase component to be present in the
thermal decomposition reactor. This reduces attachment to and
10 accumulation on the thermal decomposition reactor of the polymeric
compound.
[0134] When the liquid phase component contains the N-substituted
carbamic acid ester, some or all of the liquid phase component is
supplied to the upper part of the thermal decomposition reactor and the
15 N-substituted carbamic acid ester is subjected to thermal decomposition
reaction again, and when this step is repeated, a polymeric by-product
may be accumulated in the liquid phase component. In this case,
accumulation of the polymeric by-product can be reduced or the
polymeric by-product can be maintained at a certain concentration by
20 removing some or all of the liquid phase component from the reaction
system.
[0135] Although the form of the thermal decomposition reactor is not
particularly limited, a known distillation apparatus is preferably used to
efficiently recover the gas phase component. For example, various
25 known methods are used such as methods using reactors including any

of distillation columns, multistage distillation columns, multitubular
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[0142] Surprisingly, the present inventors have found that the rate of
reacti on between (A) and (B) depends on the material of the part 25(region)
contacting with a mxture of (A) and (B). As a result of extensive studies,
the present inventors have found that materials containing specific
amounts of various transition netal elenents, in particular, materials
containing specific anounts of transition netal elenents of the third
period, especially Fe, Ni or Ti elenments are materials pronoting the

reaction betygresrs( AorndintiolB) multisthgasdingilhtien X aains) hdoked) colPdd3]
Accordingly, the material used for the inactive region is preferably a

material i nthiRi ﬁhntékmﬁw_:ﬁ'aﬁirgmmﬁﬁx@%quigb@d Nhithtiﬁfemahtsa?ﬁoﬁ@dﬁm@dTi atom
content are each 10 nass% or | ess. The Fe atom content, e I\fl at om cont ent

and the Ti aironiation entactos, edallinr €ilml0 epupdeitaly yadd mefatlipgr dreps, and
still nmore preferably 2 mass% or | ess. [0144] Conponents other than the Fe,

Ni and Ti atwapotatotshes paelkiasgneticelsiial which Heesprmstidseatzochmbitedr e
preferably silicon oxide (conposition fornula: Si02), alum num oxide
(composi ti ofn f ordenl to W2dR) renthvearthenldwmilidg ¢campumeatsidirbavithg a
repeating unit -CHF- 15 or CF2-), for exanple. dass, ceramcs and
f | uor or esi nseardrmaisybiegy, hmetlheds arseng ttubnla sastatssargrpkéemed,. ahd t he
case of glass and ceramcs, the contents of silicon oxide and al um num
oxi de are ntnethads usungardagtars suchds tahularghinfismnexaparatoss ead thbukel ect ed,
where the content of silicon oxide may be 60 mass% or nore, or the content
of 20 al unif@llimgoltimecvappraforsarenress prefared. Stumteresshaidngre large
pol yt etrafl uor get hyl ene, pol ychlorotrjfluoroethyl ene, polyvinylidene
fluoride, p&R§Vi ¢onfaeh @sca arpeprafaedambiosdyfoaiorapiedy niramsfer the
tetrafl uoroet hyl ene- hexaf | .uor opr opyl ene
et hﬂl%ene-teg?’éﬂa&%f B@Fﬁ%ﬂlL‘ﬁg@%P9ih@%t,t0(§bﬁcﬂa§m§eand an an
[0136] The materials for the thermal decomposition reactor and the line
may be any known materials unless the N-substituted carbamic acid
ester and the products such as the aromatic hydroxy compound and the
isocyanate are adversely affected, and SUS304, SUS316, SUS316L and
15 the like are inexpensive and can be preferably used.
[0137] <Separation method according to the present embodiment>
The separation method according to the present embodiment
comprises a step of separating at least either an active
hydrogen-containing compound (A} or a compound (B) that reversibly
20 reacts with (A) from a mixture containing (A) and (B) by distillation in
a multistage distillation column; and a step of supplying the mixture to
an inactive region formed within the multistage distillation column.
[0138] The term "inactive region" refers to a region inactive to the
reaction between (A) and (B). Specifically, it refers to a region in
25 which the effect of increasing the rate of reaction between (A) and (B) is

small.
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et hyl ene-chl orotrifl uoroet hyl ene copolyner. Perferred packing materials
Illustrated here may contain other netal atons wi thout departing fromthe
spirit of the present enbodi ment. [0145] Although the preferred nmaterial or
property thereof described above is preferably applied to the entire
surface of the part contacting with a m xture containing (A) and (B) within
a nultistage distillation 5 colum, it nmay be difficult to apply it to the
entire surface due to thermal resistance, nmechanical strength and the like

of the aboveg IS Ahéshcrbledrdbve, Ga@ dldtMlingher idpRrating ashaaere of

distillation colum is a packed columm, the Surface of the structural

materi al foamﬁhﬁraﬂi’d$ RAC ke RAININ that anerregut reithl Yeashalbthdrel fidsge to the
area 10 of the surface of the packing material, and the influence of the

surface of tbmmiundst ofteh maatenith éhesthembytismeathle. rededondprghyst i n the
packed columm, the preferred material described above can be applied to the

packi ng nat eohtminang sthei rdisgBatdeekcohimhhethe kecbawiyngefficiéneyecbani cal
strength can be used for the structural material of the packed 15col um,
for éxanpl ediftiiixfin WEaragomiix tradecednoradistiligtiea) sepadat{d) ifsslfsemppidted into
a nultistage distillation colum and separated by distillation, the
concent r at i basgparforryd.anBuB)siaghy, ghngmabént iovanted leort founautiag theom t he
top to the bottomof the distillation colum. Generally, in a packed
rate of reaction between (A) and (B) (for example, the reaction between
(A) a hydroxy compound and/or a thiol and (B) an isocyanate and/or an
isothiocyanate) is affected by the material and area of the part
10 contacting with a mixture of (A) and (B), and this finding has led to the
completion of the present invention.
[0140] A first aspect of the separation method of the present
embodiment is a separation method where the multistage distillation
column is a plate column, and the inactive region is a region in which
15 the surface contacting with the mixture is formed of a material inactive
to the reaction between (A) and (B).
[0141] A second aspect of the separation method of the present
embodiment is a separation method where the multistage distillation
column is a packed column, and the inactive region is a region in which
20 the surface contacting with the mixture is packed with a packing
material formed by a material inactive to the reaction between (A) and
(B).
[0142] Surprisingly, the present inventors have found that the rate of
reaction between (A) and (B) depends on the material of the part
25 (region) contacting with a mixture of (A) and (B). As a result of

extensive studies, the present inventors have found that materials
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20 columm, the packing material nade of the preferred material described
above often has a height equivalent to a theoretical plate |larger than that
of a packing material made of stainless steel such as SUS316 or SUS304, for
exanple, and it nmay not be preferred to pack all stages of a nultistage
packed colum with the preferred packing material described 25above in
ternms of performance in separation of the mxture. Since the separation

met hod of the present enbodi ment ains to suppress the reaction between (A)
and (B) to ebhidihRip kipetifikoutiodrdy @hadhfiousBransitiog metat eldméntsnagat i ve to
the reaction between (A) and (B), it may not necessarily be appropriate to
apply the ppaftesules rriteriakl cdesthinpedpadidice ahtoaits of agesitidecnaeingl y, it
is preferred to use the 5 above-described inactive material for at |east
the stage weldmhen® olll thestlaigé gerddd) lespecinllgoFumNi @rwil célemenitxtaree is
supplied (one plate for a plate colum or one theoretical plate for a
packed col ummteribls psomotiagpthel rraceidnt betvasnt (&) alvaly 83 Yl ¢Froredsidg nteer | al  at
a stoichionetric ratio of (A to (B) ((A/(B)) I1n adistillation colum in
t he bange ofeadtionlfatépast 0.2 to 5, preferably 0.01 to 100, and nore
preferably 0.001 to 1000. It is still nore preferred to use the preferred
mat eri al de§@t4dbedabodimginr thel nsatarjek mtecg forl thet apetivackegicsol ismm.
[0147] The pressure in performng distillation separation varies according
to the conppseierablycf materisbimpwieeh she fipptosdcentenhehe 181 Ao iconsent
distillation colum in which distillation separation is inplenmented, the

t enper at ur e angdhther Jpeatom tceatent] eieseage i snasstatonhessol ubg FEnateme | ke.
For exanple, distillation separation is _perforned under reduced pressure,
under at nosghetard, phedNiupomnepniaaeandntheeds adopmr eesiané argueach mereysual |y
preferred to i gplenent it_at pressure in the 20 range of 0.01 kPa to 10
MPa,l0and thé’%&%@ﬁr%m%S%PE %Seﬂ’aj éﬁﬁynpw plﬁﬁ@?@iﬂ}g@ BRSE/00KeESt 0 1 MPa,
and still erably in the range of 5 .0 50 kPa in terns of

easi ness oﬁéﬁ@&ﬁqrﬁpoﬁl%ﬁéﬁ%ﬁ? éharb%be %@1%@] m%i‘t%ﬁﬁ@r’é’c ﬂ"reepﬁ‘aﬂ[é’&for m ng
distillation seFaLat%on varies according to the cogga%s:li tiaon of the
conponent s $AFENREAO othen TSRl GRabeGEe s (AIF | RTSISRARIY) CGTh iden

(rjr:JIS:: L.lt Zéieongsx%%%%gicipg&o}riul aqul 2 ?ta(igfniltlgrexl to?ci e cgynrpedsitwr? fto}l[%%lg:f the
AlyO3) and carbon fluoride (a compound having a repeating unit ~-CHF-

15 or CF;-), for example. Glass, ceramics and fluororesins containing
them as constituents are also preferred. In the case of glass and
ceramics, the contents of silicon oxide and aluminum oxide are not
particularly limited, and various materials can be selected, where the
content of silicon oxide may be 60 mass% or more, or the content of

20 aluminum oxide may be 60 mass% or more. Fluororesins include
polytetrafluoroethylene, polychlorotrifluoroethylene, polyvinylidene

fluoride, polyvinyl fluoride, a perfluoroalkoxyfluororesin, a

tetrafluoroethylene-hexafluoropropylene copolymer, an
ethylene-tetrafluoroethylene copolymer, and an
25 ethylene-chlorotrifluoroethylene  copolymer. Perferred packing

materials illustrated here may contain other metal atoms without

64



colum, and the |Iike. Wien the tenperature is too high, (A), (B), and the

| at er - descri bed nmedi umboiling inactive conpound, if used, may be thermally
denatured and when the tenperature is too |l ow, industrial inplenentation is
not easy, since a newinstallation for cooling nust be 5 provided, for
exanple, and the tenperature is therefore in the range of preferably 50C to
350C, nore preferably 80C to 300C, and still nore preferably 100C to 250C
[0149] In a nmultistage distillation colum, installations attached to the

mul ti st age dbpaﬁiﬂgﬂﬁ-bqpﬂg@gpim_oﬂﬁbp@@s@tlehﬁﬁ)(ﬁﬁgbr@, condenser are also 10
preferably fornmed of the inactive material described above, but such a

material is[0I48hAltiapptopid arefdrasd eemetinlieir poopratyt shakof hiestribeldst age

packed col um other than the packing material or 'structures such as a line

in terns of abbvengtpreforableapphied tbrtheuatiira siafree dfiche paey comdactingf t he
parts of the multistage packed colum other than the packing 15 material,
the line, amdth herikture nynthimicg dtAedand t(B )t wethad av enudestmpebdidtibtatieni al  ( by
a method such as glass lining or Teflon(R) coating, for exanple). This also
appl Ses to thhimu) tif snaygdaidfiiddlattooappekyl o ithseéfitimndutface hdugaoki ng
material when the nultistage distillation colum is a packed col um.

20[ 0150] Ththermali sresypganicast i ineghanwat olstrengtiny dnel atlye miike soéigethe
distillation colum that has three or nore theoretical distillation plates
and enabl esabeweidegotbedimnatarizdt i §renemnllyhwhenhthe midtistagaedistiletionnber of
theoretical plates is too large, the nultistage distillation colum is huge
and its indastumal is mppesked atolommaiheesuiface ofl the stactentimgtarjalt he
nunber of stages (the nynber of plates for a plate colunn or the nunber of
t heoreti cal ffpurmr@stheopacg(qs!a@ckl@mreés oHen exdrempelat smallirglaog e theegiea The

shape of the _packing material if used is not partigularly |jmted, and

var 5§us pacRf ﬁge FRtiEce Histheupscldsgraataiad, an%&: mﬁygn% Oﬁtlagss,ur Bl rings,
Bed saddl es, .l ntal ox saddl es i, Xxon packi ngs Pack,

sul zer packPhigdiCastusire r}’é‘ﬁt%t%énl%@xﬁ@é@@ | éﬁgﬁ/ﬁg%i%?‘g‘%%zm 3 t he
separat i on meLnog ol R SR e TSP el SSBRL 244 B2 TR g vher e i
the packing material, and stainless steel or the like having high
mechanical strength can be used for the structural material of the packed
15 column, for example.
[0146] When a mixture containing (A) and (B) is supplied into a
multistage distillation column and separated by distillation, the
concentrations of (A) and (B) are generally changed continuously from
the top to the bottom of the distillation column. Generally, in a packed
20 column, the packing material made of the preferred material described
above often has a height equivalent to a theoretical plate larger than that
of a packing material made of stainless steel such as SUS316 or
SUS304, for example, and it may not be preferred to pack all stages of a
multistage packed column with the preferred packing material described
25 above In terms of performance in separation of the mixture. Since the

separation method of the present embodiment aims to suppress the
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(X) the area of the inner surface of the nultistage distillation colum
contacting with the mxture (unit: n2) and 10(Y) the volune of the m xture
(unit: nB) satisfy (X)/(Y) 100. [0152] As described above, the reaction
between (A) and (B) depends on the material of the part contacting with a
m xture of (A) and (B), and the specific netal elenments described above
pronote the reaction 15 (increase the reaction rate). Additionally, the
present inventors have found that the reaction rate al so depends on the

area of the parfoncpatiach ('}g) hd E'B:) RS e Xehtl -re@@?&d(ﬂahwo?b@)gﬁgrirggi i the

present inventors present istiflation separation t hod st age

distillatiop g@tdtil WiREGe(10 tﬁa%éafﬁoﬁ%ét&fé'eﬁsgﬁﬁdr{d\fm},oﬁ nflay ot 20

i nactive region formed within the nultistage di l'atiroh colurm. By this

met hod, thenpeachiipn Metappedprlisfe BNhd®) fhe pupRERYSathtetile dedeibkgn 1s not
pronoted) and (A) and/or (B) can be efficiently separated by distillation.

[0153] The &MV Yio V_alluasthgesorefﬁrcébfddngl(&/ (tY) islg%’ﬁef@i@é& 6 efigeakhy
25(X)/(Y) 70, and still nore preferably (X)/(Y) . [0154] The (X)/(Y)

val ug¢ in a gbbie-siesaehed sirdctiati anmateplalinforofatt heaspl giee stegd uwithigt hod, for
exanpl e, can be assessed to be acceptable if the (X)/(Y) value is defined
on condi t i omultistagehdistilaiion oodmmunto whidhe ixfuie id bappléet (bre phitai ned in
the stage where the (X)/(Y) value is to be evaluated is (Y), and that the

i nner surf afer apdaecdoluhm ot age theoridahedatesfos o phckahdolurenyal Iteisi s
within the preferred range descri bed above. Wen the (X)/(Y) values in all
st ages of t heomuptefatraddodist iHe aboverdesdnibed anatemablatiat ojchiXnedrid (Y) can
be simlarly defined for all stages. The _ﬁé()_/(Y) value in a nmultistage

di stillati oratimiofirtd Jofo (R (PAYKBY) dokudistifatinodiolfiom ex dnpirange af die
assessed to be acceptable if 10 the amount of the liquid retained in the

col Ufin is nmieastirkd tonSt peefarably WHEY dot HeO,candnmore medshbhlyoed@t éda under

the operation conditions simlar to those during distillation, the (X)/(Y)
val ue is deflPf@d dhicsmdimpemprefatredie asmtha pefierned matprial descsibadd in the

colum is defined as_(Y) and the sum of the surface area of the packing
mat eri al andbewe for all stages of a multistage packed column.

[0147] The pressure in performing distillation separation varies
according to the composition of the components supplied to the
15 multistage distillation column in which distillation separation is
implemented, the temperature, the type of the multistage distillation
column, and the like. For example, distillation separation is performed
under reduced pressure, under atmospheric pressure and under increased
pressure, but it is usually preferred to implement it at a pressure in the
20 range of 0.01 kPa to 10 MPa, and the pressure is more preferably in the
range of 0.1 kPa to 1 MPa, and still more preferably in the range of 0.5
kPa to 50 kPa in terms of easiness of industrial implementation.
[0148] The temperature in performing distillation separation varies
according to the composition of the components supplied to the
25 multistage distillation column in which distillation separation is

implemented, the temperature, the type of the multistage distillation
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15 inner surface area of the packed colum is defined as (X), and the
value is within the preferred range descri bed above. [0155] Wen a m xture
containing (A) and (B) is supplied into a nmultistage distillation colum
and separated by distillation, the concentrations of (A and (B) are
changed continuously fromthe top to 20the bottom of the distillation
colum and one of (A) and (B) is concentrated, generally. Because the

nmet hod of the present enbodi nent ains to suppress the reaction between (A)

and (B) to ebfumhgand the ¢ékeverWhdh thedeaipdrBurbls ded nghy ApgBAr aadof the
inner surface of the nultistage distillation colum contacting with the

m xt ure 25othg Mterddsdriedirniddiomabeiiin fiactivengenpoundaif udee, heaebizon
between (A) and (B) is not pronoted, it is not necessarily required to
apply the rémgealty deinatieedgasd wheonrthientnyperaturesispted domedndosaigll y t he
above range to at least the stage within a nultistage distillation colum
to which a minplemeniatiosuispidtezhsypsiacplanewfinstadlapioat forauioling wusbbe
theoretical plate for a packed colum). It is nore preferred to use a

mul tidsst age poovided fomexamnpsl anthttsatampgtatigret isethebelfvee nanbe ranga of
stoichionetric ratio of (A to éB) ((A)/(B)) inthe distillation colum in
the range opreferaldzst00C 2ot 356°Cpmedrr pinéferably1803C 1100 308R”d, ramde spllef er abl y
0.001 to 1000. It is still nore preferred to satisfy the preferred range
descri bed abvwg mreferably $0@Yed0a508Chul ti st age packed col um. 10[ 0156] The
pressure in _performng distillatign separation varies according to the
composi ti on [@*@]hlan @ohporsiags @afpklaﬁl@@ coduime nsiatlpnprg atiacked I%Daﬂﬂ'ﬁon
colum in Whil.ﬁh distilJlati,on separation is implenented, the tenperature,
the type of MHEsHAgC d@f@@éloai eelummsugh asof Jine aaf@ cradenses. arcoalsexanpl e,

O e | BRI b i, b taE n b B S B
RS R e e
o R b el gty 81 B Po b b (2™
PEr 01 0. g GBSOl AESRE e BRI ARERA] B Bk BRaSORRASIGE o ©
O L OB GRS Sp TR SEE e SRR M S, B0, 10
highs (A (Bkeri@he line, and the like may be coated with the above-described
material (by a method such as glass lining or Teflon(R) coating, for
example). This also applies to the multistage distillation column itself
and to the packing material when the multistage distillation column is a
packed column.
20 [0150] The multistage distillation column may be any muitistage
distillation column that has three or more theoretical distillation plates
and enables continuous distillation. On the other hand, when the
number of theoretical plates is too large, the multistage distillation
column is huge and its industrial implementation may be difficult.

25 Accordingly, the number of stages (the number of plates for a plate

column or the number of theoretical plates for a packed column) is
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25t he | ater-descri bed nmedi umboiling inactive conmpound, if used, may be
thermal |y denatured and when the tenperature is too | ow, industrial

i npl enentation is not easy, since a newinstallation for cooling nust be
provi ded, for exanple, and the tenperature is therefore in the range of
preferably 50C to 350C, nore preferably 80C to 300C, and still nore
preferably 100C to 250C. 5[0158] In a nmultistage distillation colum,
installations attached to the nultistage distillation colum such as a |ine

and a condegg%r@%gtﬁg%w S8 1T $halp@'dFhe Yackitf hDACHAVE RBHAS it

described a a materi n i nappropriate for

const r uct i ngaARAIA9 libfifed uhid Z&m&%&& fhet haeFia REELt BER QU packi ng

material or - structures suc Itne 1mterns of strength or the |ike.

In such a caggg l@sirfg“?ifngéa 5Ja$1 Pin h%é}@@aﬁd@és tﬂ?ﬁal@b&' Ea@&@gemﬁ@hed
col um ot her an t he pac material, the |iné, an the |i Ke may be

coated w thpp, EONR:M@ﬁ@ﬁI _UirR #ldlpPadloySdlzeeph gendasietbpak | ining
or Teflon(R }) coa?‘ ing, for egaanplﬂ?s Thi saa ;s/% gpp i es tgo t he nul?l st age

di stisl I ati ogag®eumadi tself 15 and to the packing material when the
mul ti stage distillation colum is a packed colum. [0159] The nul ti stage

distillatiop0r®ljumn tiwd bespaey ol thet sgrrdiishi hethodn afolthen présnthas
three or nore theoretical distillation pI ates and enabl es conti nuous

di stillati osmb@uditieat &3 heephawion mbtirod hdier@h therherctive e, et i cal pl ates
is too large, the nultistage distillation colum is huge and its industrial
i npl ement at (X theyarbe afi fifd mredr. sudCamer of nhé ynmulthagedivetllatfors tabean( t he
nunber of plates for a plate colum or Ehe nunber of theoretical plates for
a packed cokanticting withfthe abixtufsOQunit: thesed The shape of the packing
material if used is not 25ﬁart| cularly limted, and various packing
mat i al s s(¥D the vRRsnhiod the mygsctutee@snifagnr)i ngs, pall rings, Berl saddl es,
I ntal ox saddl es, Dixon
satisfy (X)/(Y) < 100.
[0152] As described above, the reaction between (A) and (B) depends
on the material of the part contacting with a mixture of (A) and (B), and
the specific metal elements described above promote the reaction
15 (increase the reaction rate). Additionally, the present inventors have
found that the reaction rate also depends on the area of the part
contacting with the mixture. Based on this finding, the present
inventors present a distillation separation method by a multistage
distillation column where (X) and (Y) satisfies (X)/(Y) < 100 in the
20 inactive region formed within the multistage distillation column. By
this method, the reaction between (A) and (B) is suppressed (the
reaction is not promoted) and (A) and/or (B) can be efficiently separated
by distillation.
[0153] The (X)/(Y) value is preferably (X)/(Y) < 100, more preferably
25 (X)/(Y) £ 70, and still more preferably (X)/(Y) < 50.

[0154] The (X)/(Y) value in a multistage distillation column of the plate
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packi ngs, McMahon packi ngs, Heli Pack, Sulzer packings and Mel | apak can be
used. However, when a nultistage distillation colum of the packed col um
met hod is used, the surface area within the nultistage distillation columm
is often large, and in order to satisfy the preferred 5 range of (X)/(Y)
descri bed above, the nultistage distillation colum often nust be enlarged,
and the anount of the m xture containing the (A) and the (B) supplied to
the nultistage distillation colum often nust be reduced (specifically, the
t hroughput tolurdhsineth@d,i fr eepapht,i@m bs fkésrdstmbe éicfde@tab'l@ ffothiehe si ze
of the multistage distillation colurm) 10 Therefore, a nultistage

di stillati ofXo4Ngnvaloé it kiefipledt en cohditiorméidiatiei maRiafier ablonntssithe| 0160]
The conpound to be separated by distillation by the separation nethod of
the present liguibddhateren be rataimed iy ¢hdytipegeheotlica( X)/¥) calpoind G8) or a
conpound (B) that reversibly reacts with (A). (A) 15 is preferably a

hydr oxy conpwatutehtd O ),andhat the mulenduncanres ofithd stapbiiodefinedras

preferably a hydroxy conpound, and still nore preferably an aromatic

hydr éxy compddndnd( Byei valpeeferaithin dhei prefyandt eareged/descebed sabbiacyanat e,
nmore preferably an isocyanate, and still nore preferably an aliphatic

i socyanate &¥h Bﬂhethﬁo(}MX)(E glpeahier @llRatagesaof the miilipsiage cdigtilapionThe
coupl ed product of (A) and (B) is not particularly Iimted, but given the
scope of th&OBHBReHE ENBb@IeHN(X) rﬁﬂdm(&ﬁ ca) %dlmﬂﬁﬂa’r desinpdr faredllby
distillation, the gglupl ed gy roduct of (A) _ and 53 coupl ed product in
whi ch the dffeeEPendde RXHEYayalleiin ﬁgmpl&)ﬁlﬁﬂgc 1pﬁaaﬁeamqlu5m@ff there, more

BEELEJ oy o o Rl b o on S er LY, ARC O ror ey oo
of (1 Bnd 08 apAReTy pti‘lsémge StRed oRpbers N erBeanHeddndberatiebo | | ng
poit be ?ﬁ%%@% R Yl e o R 7
e um ol Lol Daehiae SOTREUICN LS. 200 PUSIA il IR, (0102
condition that the amount of the hquld retained in the column is defined
as (Y) and the sum of the surface area of the packing material and the
15 inner surface area of the packed column is defined as (X), and the value
is within the preferred range described above.
[0155] When a mixture containing (A) and (B) is supplied into a
multistage distillation column and separated by distillation, the
concentrations of (A) and (B) are changed continuously from the top to
20 the bottom of the distillation column and one of (A) and (B) is
concentrated, generally. = Because the method of the present
embodiment aims to suppress the reaction between (A) and (B) to
efficiently recover (A) and/or (B) by defining the area of the inner
surface of the multistage distillation column contacting with the mixture

25 of (A) and (B) within a specific range so that the reaction between (A)

and (B) is not promoted, it is not necessarily required to apply the range

69



that has a norrmal boiling point between the normal boiling point of (A)
10and the normal boiling point of (B) and is chemcally inactive to both
(A) and (B). [0163] Specifically, the nediumboiling inactive conpound is
first characterized by being "chemically inactive” to (A and (B). The term
"chem cally inactive" neans not having reactivity to (A) and (B). The 15
medi um boi | i ng i nactive conpound is a conpound not fowing a coval ent bond
wi th each of (A) and (B) or separate from(A) and (B) at the di stiIIation

operation t giRBrad Acc ﬁ?f‘?ﬁct. %Hg@géﬂlg%ermrféﬁ und is

preferably a conp nd not p reactive A) and
(B), and 20pmye ﬁ%eE&%@b'\MtlﬁnC‘a”Mﬁ@t tdhﬁﬂﬂét%rﬁcédlti&rmgr ‘Mﬁ@h £0165]

Exanpl es of the nmediumboiling inactive conpound I nclude at |east one

conpound sehfghad 1§ KOPHIiBE (BhOYPate TBF ailhitdcStumn or one(héofetivulippaar bon
compound having a |inear, branched or cyclic structure, 25(2) a conmpound in

whi ch the s&se 0n a@k&ﬁ%@ﬁimﬁ)’dr@@%bﬁ[bréo bRl havusg @ hulgdagebr anched
or cyclic structure are bonded to each ot via an ether bond or a

t hi oét her bdinillasivecidlueat batisfimothroatssl d fangiel atfha stotchiyareadanhys ofonpounds
are bonded to each other via an ether bond or a thioether bond; the

P\tl/\gr ﬁ;:/ Sr gg 2 EA&H{@QBM(A%B@) Iri ieadistilatonheduen eydlei angt ofcttiesst (B t he
to 5, preferably 0.01 to 100, and more preferably 0.001 to 1000. It is
still more preferred to satisfy the preferred range described above for all
stages of a multistage packed column.

10 [0156] The pressure in performing distillation separation varies
according to the composition of the components supplied to the
multistage distillation column in which distillation separation is
implemented, the temperature, the type of the multistage distillation
column, and the like. For example, distillation separation is performed

15 under reduced pressure, under atmospheric pressure and under increased
pressure, but it is usually preferred to implement it at a pressure in the
range of 0.01 kPa to 10 MPa, and the pressure is more preferably in the
range of 0.1 kPa to 1 MPa, and still more preferably in the range of 0.5
kPa to 50 kPa in terms of easiness of industrial implementation.

20 [0157] The temperature in performing distillation separation varies
according to the composition of the components supplied to the
multistage distillation column in which distillation separation is
implemented, the temperature, the type of the multistage distillation
column, and the like. When the temperature is too high, (A), (B), and

25 the later-described medium-boiling inactive compound, if used, may be

thermally denatured and when the temperature is too low, industrial
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5conpounds may be the sane or different), (3) an aromatic
hydr ocar bon conpound whi ch nay have a substituent conposed of a hydrocarbon

group, (4) a conpound in which the sanme or different aronmatic
hydr ocar bon conpounds are bonded to each other via an ether bond or a
10t hi oet her bond, (5) a compound in which a hydrocarbon conpound

having a |inear, branched or cyclic structure and an aromati c hydrocarbon
conpound are bonded to each other via an ether bond or a thioether bond,

and 15(6) ahﬁ?lé?ﬂ&'i@ﬁ%ﬂ SORQURY, diRc¥hl 8w ahstafagbn MR8 cOBHIRlsAHEM
form ng a hydrocarbon conpound having a |inear, branched or “cyclic

structure OFr@«Fidé&aﬁir eeemprdregiethedcamératurenia tharefbRITR ke MiEO AT bon
conmpound whi ch may have a substituent conposed of a hydrocarbon group is

repl aced w hiefardtal 096vC aboss0A0] Yd&@] pRieeddliyc88*@n® 860%C, g still
medi um boi I I ng i nactive conpound i ncl ude hydrocarbon conpounds such as

pent ane (eaﬁ{brbslggﬁ:,rr)ibl e@Me 16 930hCi soner), heptane (each isonmer), octane
(each isoner), nonane (each isoner), decane (each isoner), dodecane (each

i somgr), tef0EsBchna fhedditaps alistilatipe nbhdacamestéHaions ateehgd tbekadecane
(each 25i soner), octadecane (each isonmer) and nonadecane (each isoner);

et hers in whidtistagdr distitlationcestpoundschras hdimedntda eantiensdrearevalaoan et her
bond, such as octyl ether (each isonmer), nonyl ether (each isoner), decyl
et her (eachpraeraly, fododecyf that heact(veantatésalndescribicst abores ybutesiadr a( each

i soner), pentadecg[ et her (each isoner), hexadecyl ether (each isoner),

oct adecy| emtuterigkeax bfliesomappropoatadterydonsthmtingepatis icfother mudtistags
tetraethylene]g%ﬁcol di met hyl ether; thioethers in which hydrocarbon
conpounds apeckethgetimo etheh thaméhe pagking maserinkpr soRgurga ciichsasianet hyl
sulfide, diethyl sulfide, dibutyl sulfide (each isoner),  dihexyl sulfide
(ead® i soneting isdeymsfi strengthercthe deerer In suely casgl theitnqesawnlls sdmer ) |
decyl sulfide (each isaoner), dodecyl sulfide (each isaner) 10 t.etradecyl
sul fide (eathe ipssteof, theeahabistgge m%edecpbaaﬁ pgwrfetba,n bR apekingsul f i de
(each isoner), qctadecyl sulfide, (each isoner) and npnadecyl sulfide (each
i soner): ar Hﬁﬁé@tl@l,ﬁﬁarlwar@@nt @unds beeontad %@higﬁé‘%%@r‘iﬁ‘éﬁ@, ed

oL Doz e BULY BSTome L eeld SOTEL ), RS bP PR BSH

example). This also applies to the multistage distillation column itself

15 and to the packing material when the multistage distillation column is a
packed column.
[0159] The multistage distillation column may be any multistage
distillation column that has three or more theoretical distillation plates
and enables continuous distillation. On the other hand, when the

20 number of theoretical plates is too large, the multistage distillation
column is huge and its industrial implementation may be difficult.
Accordingly, the number of stages (the number of plates for a plate
column or the number of theoretical plates for a packed column) is
preferably 500 or less. The shape of the packing material if used is not

25 particularly limited, and various packing materials such as Raschig

rings, Lessing rings, pall rings, Berl saddles, Intalox saddies, Dixon
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15 (each isoner), biphenyl, terphenyl, diphenylethane (each isoner),

(met hyl phenyl ) phenyl et hane (each isoner), dinethyl bi phenyl (each isoner)
and benzyl tol uene (each isoner); aronmatic ethers in which aromatic

hydr ocar bon conpounds are bonded to each other via an ether bond, such as
di phenyl ether, di(nethyl benzyl) ether (each isoner), 20 di(ethylbenzyl)
et her (each isoner), di(butyl benzyl) ether (each isoner), di(pentyl benzyl)
et her (each isoner), di(hexylbenzyl) ether (each isoner), di(octyl benzyl)

et her Wac“g%ﬁlﬁ?ﬁ%&%ﬁdc@d@ﬁéﬂ AcRIMA! TRIIPLEID ALy gé%lgihgs ahd®ellaphki oet hers

in which ar ydrocar bon compounds are bonde ach other“via a

t hi oet her beggl,besséd.asHowever, when a multistage distillation column of the
25di phenyl sul fi de, di (et hyl benzyl ) sul fi de(eachi soner), di (ethyl benzyl)

sul fide (eaphck&P@Blumndhethid idaned, thes siffhee at@aeithihs@emultistage
di (pentyl benzyl) sul fide (each isoner), di(hexylbenzyl) sulfide (éach

i somer), di (aeilMtivenzylumsukfdfie (gaehanhdoiteo)derdiof smidty! theepydfprred! fi de
and di benzyl sul fide; conmpounds in which a hydrocarbon conmpound and an

aromdt i ¢ hydugeaoiofX YOrpalesdribed dtomds dthieonadtibtafeotiiz¢itlavion soliehher bond,
such as net hoxybenzene, ethoxybenzene, butoxybenzene (each isoner),

di met hoxybenfienemiisabb é¢rdarged), ,andi tcharyhenzehthe raxtureseoraniagdhe

di but oxybenzene (each isoner); and hal ogenated conpounds chl or opent ane
(each i sonef() antlithe §Botsapplizdio dhe mettiatege distifetioh aedymior effepemisine
bronooct ane (each isoner), dichloroethane dichloropentane (each isoner),

di chl or ooct heeradivsedngpehdnmllyedble ttvonghput dobrdirbletioansepatatensoct ane
(each isoner), chlorobenzene, bronobenzene, 15 dichl orobenzene

di br omobenzefien sreallytelative td dheaside efhyd mulsistage. djstiBrionceahwonils havi ng
an et her bond or_ a thioether bond such as the above (2), (4) and (5) may
gendfat e oxildescione poneltistrgs dispblationgcaimmel dhadilatecealumae seethpdgl y, ~ (1)
a hydrocarbon conmpound having a |inear, branched or cyclic structure, (3)
an aromat i clhprefeedlysaed.

[0160] The compound to be separated by distillation by the separation
method of the present embodiment is an active hydrogen-containing
compound (A) or a compound (B) that reversibly reacts with (A). (A)
15 is preferably a hydroxy compound and/or a thiol (including an aromatic
thiol), more preferably a hydroxy compound, and still more preferably
an aromatic hydroxy compound. (B) is preferably an isocyanate
and/or an isothiocyanate, more preferably an isocyanate, and still more
preferably an aliphatic isocyanate of the formula (20) where R! is an
20 aliphatic group. The coupled product of (A) and (B) is not particularly
limited, but given the scope of the present embodiment in which (A)
and (B) are separated by distillation, the coupled product of (A) and (B)
is a coupled product in which the difference in normal boiling point is
preferably 5°C or more, more preferably 10°C or more, and still more
25 preferably 15°C or more.

[0161] <Separation method in the presence of medium-boiling inactive
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20 conpound whi ch may have a substituent conposed of a hydrocarbon group,
and (6) a hal ogenated conpound in which at | east one hydrogen atom form ng
a hydrocarbon conpound having a |inear, branched or cyclic structure or at
| east one hydrogen atom form ng an aromati c hydrocarbon conpound whi ch may
have a substituent conposed of a 25hydrocarbon group is replaced with a
hal ogen atom are preferred in terns of thermal stability. Conpounds
cont ai ning a hal ogen atom such as (6) may be deconposed or generate a

hal ogen radigdlpoidd t he hal ogenat ed conpounds nmay be m xed in the

product s, depeAﬁing on the conditions. Accordingly, (1) a hydrocarbon

conpound havi ng afh itR€ Presctt AEPEEindENtS ¥ChicthGd ¥ Pefdindng didtillatioar omati c
hydrocarbon 5 conpound which may have a substituent conposed of a

hydr ocar bon sgﬁbmﬁoﬁr@f (Y endr(®)einr 9@ prleQdéd o hecoregbunnd ¥0O))Ithaghhgact i ve
compound is al so characterized'in that the normal boiling point of the

medi um boi | nogmiahdeiling psifpbendee:s the el dioitiaghpbdine &t @édn)e andr tive!
boiling point of (A) and the normal 10 boiling point of (B). Specifically,
t he for mal bhormiabhdodingtpaifit ofig Bieshdiiz kbiehiioglly nasttive to rpoand (BlcC)
relative to the normal boiling point of (A) to be separated (TaC) and the
nor mal boi | {(herepoi alsoofca{lByl t'endrBusepailat@din@thi®e iconipoundd <s Talsor Ta <
Tc < Th. The nmediumboiling inactive conpound can be appropriately sel ected
and 15 useg¢re¢fegeblyamplententéd. and (B). Here, the normal boiling point
represents a boiling point at 1 atm It is difficult to define a nornal

boi | i ng poi h@163] dhet medimne-twukihg dsactive nenyglound mefers taradcomgonndmal
boiling point is nmeasured or_investigated and sel ected for each compound.
The nornmal Bt hasga peirmeal banline peiaishetedtanythe nemwoal beibingspdiod odUd) as the
met hod defined in the Japanese Pharmacopoei a, Fourteenth Edition, Part I,
54, for exampdetheapermpalr somingsrpinteaf (B\ftand igrehemaigallyuauactive pl kotbnt such
a method. [0169] The normal boiling point of the nmediumboiling inactive
conpound (Téé)) @ﬁf@rs fromthe normal boiling point of (B) to be

2oseparated (1857 specifically “the: medium Boiflng " nadtive compotnd 18- st <

characterized by being "chemically inactive" to (A) and (B). The term
"chemically inactive" means not having reactivity to (A) and (B). The

15 medium-boiling inactive compound is a compound not forming a
covalent bond with each of (A) and (B) or separate from (A) and (B) at
the distillation operation temperature.
[0164] The medium-boiling inactive compound is preferably a
compound not having a functional group reactive with (A) and (B), and

20 more preferably a compound not having active hydrogen.
[0165] Examples of the medium-boiling inactive compound include at
least one compound selected from the group consisting of

(1) a hydrocarbon compound having a linear, branched or cyclic

structure,

25 (2) a compound in which the same or different hydrocarbon

compounds having a linear, branched or cyclic structure are bonded to

73



(TaC) by preferably 5C or nore, and nore preferably 10C or nore. 1In this
case, it is easy to separate (A) and the nediumboiling inactive conpound
or separate the nediumboiling inactive conmpound and (B). The fact that the
normal boiling point of the nediumboiling inactive conpound differs from
the normal boiling point of (A) and the normal 5 boiling point of (B) by
5C or nore does not formthe basis of the present enbodi nent. However, it
is assuned that the normal boiling points of the two conmponents to be

separ at ed pegéierably idf far @moeadh Rt RethiB¥iRe anﬂﬂ(%e@iﬁcéwyﬁaﬂ ness
of the steps that may occur after separation of (A) and (B), based on the

finding thatompaneaih RehichOtvwe dghkocaboy, Setpotnddldry ISaRRIELE Eabk

distillation when the normal boil'ing points differ fromeach other by 5C or

nore. [ 0170btiRrefigrabéther domidxdius ehivetia formd thé)hyairdcdmBon Sodippphided to a
| ayer fonned of the nediumboiling inactive conpound descri bed above in a

mul tistage Hastd llirgiar,0braaihedn or andlicAstraothreBandr thes epar ayddoaiion1S
recovered in the nmultistage distillation colum. Specifically, when the
m xt §r e contempoundéAManhd thBkaise sudiféredt) o the nul tistage distillation
colum, the ratio of the area of the part contacting with the m xture to
t he vol ume of the(3 xanumeomatipr b dradarpomi thinpouind abnvk- degctidved ar ange,
and additionally, a layer fornmed of the nediumboiling inactive 20
conpound i sspbsitteeabtgmposed ofiarhydrecarkian greage distillation colum at a
hei ght where a supply port is provided to which the m xture of (A) and (B)
is supplied. [017(4) A mompeendoit awhicly the) sane (B) diffesandplareniatic t he

m ddl e of a multistage packed colum. Here, the "mddle" is a position in
the 25nul ti ivdtrcatbenicompowriscardramdad iehedch oibiewyinaniegheropordar ahe

bottom of the columm in the height direction and where at | east one stage
(ond0 thioether bond,

(5) a compound in which a hydrocarbon compound having a
linear, branched or cyclic structure and an aromatic hydrocarbon
compound are bonded to each other via an ether bond or a thioether
bond, and

15 (6) a halogenated compound in which at least one hydrogen
atom forming a hydrocarbon compound having a linear, branched or
cyclic structure or at least one hydrogen atom forming an aromatic
hydrocarbon compound which may have a substituent composed of a
hydrocarbon group is replaced with a halogen atom.

20 [0166] Specific examples of the medium-boiling inactive compound
include hydrocarbon compounds such as pentane (each isomer), hexane
(each 1somer), heptane (each isomer), octane (each isomer), nonane
(each isomer), decane (each isomer), dodecane (each isomer),
tetradecane (each isomer), pentadecane (each isomer), hexadecane (each

25 isomer), octadecane (each isomer) and nonadecane (each isomer); ethers

in which hydrocarbon compounds are bonded to each other via an ether
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theoretical plate for a packed colum), preferably at |east three stages
(three theoretical plates for a packed columm), may be present over and
under the stage provided with a supply port, respectively. The top of the
colum refers to the uppernost part of the nultistage distillation 5
colum from which a gas phase is continuously extracted, and the bottom of
the colum refers to the | owernost part of the nultistage distillation
colum. [0172] The "l ayer formed of the nmedi umboiling inactive conmpound”

in the pr es%Bhd?ﬁ@&?hﬁ%B{glreﬁﬁé* atR i@orh@?ghgggileﬂﬂérf(@éd}?féol%{e@,h&ec 0

medi um boi | i ng 1 nactive c¢onpound describ e. The separation t hod of
the present g{Eq@hBEAomSr R dBRRBVRENLRR (BBENbAEr)S tRPAJERY cthél Flaehe
containing (A) and (B) to ‘an inacttive region forrred within a nultistage

di stillati ofscrpbt)Pentiddcsepdicaleach (dmenNdheRddyyl ditséd (daghi @Bnidh)t he

mul tistage di stilTation colum, where the mul tistage distillation "15

col um i s aoptaleeytodthen, (eabll idoené)y frameadelyl hethena@atkeigoagenn agdnt act i ng
with the mixture is formed of a nmatérial inactive to the reaction between
(A) @nd (B) tetodethhine pheohudimahabethest thidetheon iwovhioh hydaogadload
colum, and the inactive region is a region in which the surface contacting
with the nmi xompetimisf arenddndbdatop@aakhngtheat eiai al thigéthkorved],byuch rast eri al
inactive to the reaction between (A) and (B). By supplying the m xture of
(A) and (B) dimethyd $udfide, Hiathyl sdlfides dibdiylirmbhde i(each nsanhen)e dibespdund and
separating and/or dil uti ngggA) angméB) in addition to such a separation

nmet hod, t hesnlfada (eactbigoneen), pA)ylandfide) (daghcisamer), henylesdide) (eaolt (B) can
be suppressed, andéA) 25and (B) can be nore efficiently separated., [0173]
The |ayer f dsome)ofdacyé swdfidentdashl isegnémaciodeeyt supladederah shmar.esent
enbodinent is fornmed in the range of at |east one stage, preferably at

| eadt t hr eeteftadpey] swldideadgachdisemersumenyadasyt | Sllilé'lﬂg@e({@a@lél MO cont ent
of the medi g}boi ling inactive conmpound in_the Iitq i d phase and/or the gas
phase, pref 8espdscylnsulfidgu{enchnisoeneind octadasy| sad lgﬁa{%?hdﬁomﬂié) laggler

fow ed of the di mbf'bldin i hacti ve_conpound isd?féEf rably 5 mass% or
nore, nore PPEREEEN| gU 30k olSOmATe; AAMAtLG Ny dBeaDEe COPMMUNGSO nass%

or nore. The content of the mediumbojling inactjve conpound can be
det er mi ned BYCR i PERGERGelOlERA. de A2y b IbeRHanG (SRR BaEIThase

t f t 10 | ti.st istillati | d [ b
nown et hodeBbaReRae (s hr SRR Bl ARSI Goel SHP B! BEPARAZeTEne. -
tent of th di il [ ti d I b ti d f
e Ioemper a1 SR bs IPBCRY: 2 HRHBBHL PO RSTONCI e R R { FOHIS packed
I i i ly d 1 T: XY _di f in.15th
mul {1 5t age ety pbeRSRPbeR TG st The Ry ReRABTEFEN (kb ot he
di boi | i ' ti d -adjusted b |l h t
of heat i vaRos Abde Bef TR HRSs  BheBei bt ol bbb bR T age.
distillati I f | t . t .St
di st 11 at oSSRt AR QhBirbgh ¥ Skl in BBrOhs Fidkdb B S mhound
lied, t : ] Xt k0| ied, th
cuppl 4. Upeuth, ol SURCILILIS, SHLAURGLE) AL (Buchlmpbay. Lhe
gﬁg{;‘ﬂjggu @E@éﬁf@%&%&’ﬁ SRIPRY] 1980 AIBRGBerd P LARE T Ronidlgn 10 the
di(pentylbenzyl) ether (each isomer), di(hexylbenzyl) ether (each
isomer), di(octylbenzyl) ether (each isomer), diphenyl ether and
dibenzyl ether; aromatic thioethers in which aromatic hydrocarbon
compounds are bonded to each other via a thioether bond, such as
25 diphenyl  sulfide, di(methylbenzyl) sulfide (each isomer),

di(ethylbenzyl) sulfide (each isomer), di(butylbenzyl) sulfide (each
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25[0175] On the other hand, when the m xture starts to be supplied to the
mul tistage distillation colum, it is preferred to use a nethod of
introducing only the nmediumboiling inactive conpound into the nultistage
distillation colum, boiling the mediumboiling inactive conpound so that

t he gas phase portion is filled with a gas of the nediumboiling inactive
conpound, and then supplying the mxture to 5 the nmultistage distillation
colum in this state, and it is nore preferred to supply the m xture to the

mul tistage @&ﬁéﬂg! a%(gggg?gér@%gaﬁme g@mﬂ isbﬁiéry,Xdifeﬁem%eﬁEﬁQ%mﬂabIbieng

i nactive conpoun dium boiling 1 nactive conmpound can

suppl i ed to(ddeh Myt ARECEIBLAL NSRS Qe rg@ymgg)r, dAematylgHgygr as a

gas. The medi um bol I'i ng “i nact’i ve conpoun suppl i éd” from any

posi tion i nsgiRlenrd liBegzi Sulfid@t icomEaInd® inspetthi sahkyrosmpole
supplied froma supply port” provided in the upper part of the nmultistage

di stillati opog@lowiid, arnthyinkeosii) hedrddasbor conprivndard bondyd dedach t he
| ower part of the nultistage distillation colunm, may be supplied froma

supplsy 15 ptiter pipvirdedhat tondei gidh tdse nsethrexgbetdwmate, ofthaxybpnkengort to
which the m xture is supplied, or may be supplied froma supply port to

whi ch t he nmbutoxybengesepibadd. 1§@hdr)] Thmethoxyberokenthdeareldi usetmei),i ng

i nactive conpound used is preferably 0.01 to 100 tines based on the mass of

t he m xt ur edietROx viegreredier(gacn isdee)ambdibtdgoxgleezenkd cachnsnmes); andbe
separated, and the operation conditions. The anmount of the nedi um boiling
i nactive cohplmgedatesked dosnpowids alshighanaexcdderamethader tohlewpmthass t he
reaction between (A) and (B), but too |arge an excess is not preferred
because t hechloropghfane i n(eahk paskewrol uehlofedetaneoureach t Heomex),ur e
25containing (A) and (B) supplied) is reduced. Accordingly, the anount of
t he 1fedi um byomoneethangt | vbrawephang, us dromopantangr ef(eaetbl y isomer),o 50
times, and still nore preferably 0.3 to 30 tines, bas%? on the nass of the
m xt ur e. bromooctane = (each  isomer), dichloroethane (eac 1somer),
dichloropentane (each isomer), dichlorooctane ({each isomer),
dibromoethane (each isomer), dibromopentane (each isomer),
dibromooctane (each isomer), chlorobenzene, bromobenzene,
15 dichlorobenzene, dibromobenzene, benzyl chloride and benzyl bromide.
[0167] Compounds having an ether bond or a thioether bond such as the
above (2), (4) and (5) may generate oxides and peroxides depending on
the conditions. Accordingly, (1) a hydrocarbon compound having a
linear, branched or cyclic structure, (3) an aromatic hydrocarbon
20 compound which may have a substituent composed of a hydrocarbon
group, and (6) a halogenated compound in which at least one hydrogen
atom forming a hydrocarbon compound having a linear, branched or
cyclic structure or at least one hydrogen atom forming an aromatic
hydrocarbon compound which may have a substituent composed of a
25 hydrocarbon group is replaced with a halogen atom are preferred in

terms of thermal stability. Compounds containing a halogen atom such
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[0178] The pressure in performng distillation separation varies according
to the conposition of the conponents supplied to the 5 nultistage
distillation colum in which distillation separation is inplenmented, the
tenperature, the type of the nultistage distillation colum, and the I|ike.
For exanple, distillation separation is perfornmed under reduced pressure,
under atnospheric pressure and under increased pressure, but it is usually
preferred to performit at a pressure in the 10range of 0.01 kPa to 10 Mra,

and the pressuid) hiy e dBrahodll Vol hehiBfytbandRadbell fadifa, tand dfa. and

still nore preferably in the range of 0.5 kPa to 5 kPalnfer_mso _
easl ness Ofhhﬂﬂ#ﬁ%ﬁaﬁbohggh&ﬁﬁﬁkﬁ,'Hﬁinbﬁﬁﬁﬁiﬂﬂ?gméﬁﬁaﬁrﬂbgéﬁgh$%gﬁrfOr”‘ng

distillation séparation ries actording to the conpositio

conponent s ghpRbhdfidik. t NAccdRlinpht i(3Y aghyiackadotot sifipoundWia¢ihg a
distillation separation is inplenénted, the tenperature, the type of the

hul ti st age ﬂiﬁ@m@b@ﬂbhw,ora@?clﬁ@%tﬂﬂd’é@re when(H)hen tponeitas bydréocarbea hi gh,
(A, (B), and the nediumboiling inactive conpound nay be thernally

denatiur ed andmeemd héiitlemey diaveea isibstitudmvweorhpdsst oifal hiydpbeprbohation is
not easy, 20 since a newinstallation for cooling nust be provided, for
exanpl e, angdroleatenpee prefeerdds therefore in the range of preferably 50C to
350C, nore preferably 80C to 300C, and still nore preferably 100C to 250C.
Exanpl es 25[0n&8)] Theenpderetioilingantctve wohtpdimd pealsbi drmirdgtedesdrinbed
below with reference to exanples; however, the scope of the present
i nventi on i thatrtbe narnialdebilingtpuent of taephadiun{-dboding wevdivestempetindd>
is a temperature between the normal boiling point of {A) and the normal
10 boiling point of (B). Specifically, the normal boiling point of the
medium-boiling inactive compound (Tc°C) relative to the normal
boiling point of (A) to be separated (Ta°C) and the normal boiling point
of (B) to be separated (Tb°C) is Tb < Tc < Ta or Ta < Tc <Tb. The
medium-boiling inactive compound can be appropriately selected and
15 used together with (A) and (B). Here, the normal boiling point
represents a boiling point at 1 atm. It is difficult to define a normal
boiling point by a structure such as a general formula, and the normal
boiling point is measured or investigated and selected for each
compound. The normal boiling point can be measured by a known
20 method such as the method defined in the Japanese Pharmacopoeia,
Fourteenth Edition, Part I, 54, for example, and persons skilled in the art
can usually implement such a method.
[0169] The normal boiling point of the medium-boiling inactive
compound (Tc°C) differs from the normal boiling point of (B) to be
25 separated (ITb°C) and the normal boiling point of (A) to be separated

(Ta°C) by preferably 5°C or more, and more preferably 10°C or more.
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(1) NWMR anal ysis nmethod Apparatus: JNM A400 FT- NVR syst em manuf actured by
JEQL 5Ltd. (1-1) Preparation of IH-NWR analysis sanple and 13C NVR

anal ysi s sanpl e About 0.3 g of a sanple solution was wei ghed, about
0.7 g of deuterated chl orof orm (manufactured by Al drich, 99.8% and 0.05 g
of 10 tetranethyltin as the internal standard (manufactured by Wako Pure
Chem cal Industries, Ltd., WAko 1st Grade) were added, and they are
honogeneously m xed to prepare a solution as an NVR anal ysis sanple. (1-2)

Quanti tati ven ahal ¥sdes iﬁ?}@&g > 5asdratd g%l?‘%h@ ARSRAAMZEHITNG HREZEee a
calibration curve, and the anal ysis sanple solution was quantitatively

anal yzed bagshasirider sabidr@tiOmEbollikBaackRe debdnahiaasRar aphy

anal ysi s met ho Apparatus: LC 10 syst em manuf act ur ed by

Shi madzu Coffhe BREahbMitie BormadHeAliAg! puiht mENhbaekdhad-Byilihesacteep. . two
col ums connected in series Devel opi ng sol vent: M xture of
hexane/ t et r abytioafndt differs Io20tHevadringl bailiny pooltweitAj kad thatigsrnZalnl/ m n
5 boiling point of (B) by 5°C or more does not form the basis of the
present embodiment. However, it is assumed that the normal boiling
points of the two components to be separated preferably differ from
each other by 5°C or more due to easiness of the steps that may occur
after separation of (A) and (B), based on the finding that they can be
10 industrially sufficiently separated by distillation when the normal
boiling points differ from each other by 5°C or more.
[0170] Preferably, a mixture containing (A) and (B) is supplied to a
layer formed of the medium-boiling inactive compound described above
in a multistage distillation column, and (A) and (B) are separated and
15 recovered in the multistage distillation column. Specifically, when the
mixture containing (A) and (B) is supplied to the multistage distillation
column, the ratio of the area of the part contacting with the mixture to
the volume of the mixture is preferably within the above-described
range, and additionally, a layer formed of the medium-boiling inactive
20 compound is preferably formed in the multistage distillation column at a
height where a supply port is provided to which the mixture of (A) and
(B) is supplied.
[0171] A mixture containing (A} and (B) is supplied to the middle of a
multistage packed column. Here, the "middle" is a position in the
25 multistage distillation column which is between the top and the bottom

of the column in the height direction and where at least one stage (one
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25Col um tenperature: 35C Detector: RI. (refractoneter) (2-1) Liquid
chromat ogr aphy anal ysi s sanpl e About 0.1 g of a sanple was wei ghed,
about 1 g of tetrahydrofuran (manufactured by Wako Pure Chemi cal

I ndustries, Ltd., dehydrated) and about 0.02 g of bisphenol A as the

I nternal standard 5 (manufactured by Wako Pure Chem cal Industries, Ltd.,
1st Grade) were added, and they are honpbgeneously m xed to prepare a
solution as a |iquid chromatography anal ysis sanple. (2-2) Quantitative

anal ysi s methQ@etical Rlate foEACPa kAN EBRANMASprAfahYRL At 10aRBP&S Qtdbes.
calibration curve, and 10t he anal ysis sanpl'e sol ution was quantitatively

anal yzed bagesleothidieticall prdd forn pHENE] cbANAR), hd) Hoehrasentodtt afd
chromat ography (GPC) anal'ysis nmet hod Apparatus: LC 10AT system manuf act ured

by Shi madzuugdep théetagenprotiied with Q0Qplyasutt aedspeedvély. TOBIN (&91T.
15t hree col umms connected in series Devel opi ng sol vent: Chl or of or m Sol vent
flow rate: gharicohimnGaiferntd ehpangiamst 3t béttbet multiRape dikdilagohomet er)
5 column from which a gas phase is continuously extracted, and the
bottom of the column refers to the lowermost part of the multistage
distillation column.
[0172] The "layer formed of the medium-boiling inactive compound" in
the present embodiment refers to a layer mainly formed by the
10 medium-boiling inactive compound described above. The separation
method of the present embodiment is a separation method of supplying
a mixture containing (A) and (B) to an inactive region formed within a
multistage distillation column, and separating (A) and (B) by distillation
in the multistage distillation column, where the multistage distillation
15 column is a plate column, and the surface of the inactive region
contacting with the mixture is formed of a material inactive to the
reaction between (A) and (B), or where the multistage distillation
column is a packed column, and the inactive region is a region in which
the surface contacting with the mixture is formed of a packing material
20 formed by a material inactive to the reaction between (A) and (B). By
supplying the mixture of (A) and (B) to the layer formed of the
medium-boiling inactive compound and separating and/or diluting (A)
and (B) in addition to such a separation method, the reaction between
(A) and (B) by contact between (A) and (B) can be suppressed, and (A)
25 and (B) can be more efficiently separated.

[0173] The layer formed of the medium-boiling inactive compound in

79



20(3-1) Cel perneation chromatography anal ysis sanpl e About 0.1 g of
a sanple was wei ghed, about 1 g of chloroformwas added, and they are
honobgeneously m xed to prepare a solution as an anal ysis sanple. (3-2)
Quantitative analysis nmethod 25A calibration curve relative to the
retention tinme was prepared using nonodi sperse polystyrene as the standard
sanple, and the nolecular weight was calculated fromthe calibration
curve. [0184] [Exanple 1] <Step (1-1)> 12.1 kg (72 nol) of hexanethyl ene

di i socyanat gh¥asesintesnpbliiinest & 98ried %n&ﬂ%ﬂfan%ef oPT@Pexyt ahedtgbycer ol
havi ng one propyl ene oxi de group on average per hydroxy group. 0.5 g of

zi ne_acet at pryRsaigded teastNisreeolspigaan. ovad e mhadure wesplbesid at 120C
for about 1.5 hours. The reaction solufion was anal yzed by to find that

the nunmber avgicRbgelp! ECHE ONVEItWTHthE ehedinendRikisg ¢xadtise s@mbbandeaks 10
corresponding to the isocyanate and propoxyl ated gl ycerol raw materials was

5.9 x 102. ¢he l'ﬂijéli@fphiisetdnd/bﬁlhé gphosipival erufesalslgded liquidehakeiamkde.
[0185] <Step (1-2)> The unreacted nononers were separated by
distidlati omhels%amg phasd,5ofi el ldyatri Eornsapasfathe mudivmd0lingommctiveFi g. 1.
The reaction solution obtained in Step (1-1) was supplied froma line 10 to
a conti nuousompairst agprefacdtdy T ohassho M lmpaekexbreiprbfeaabys tlimasi¥y made
of ceramc (Ti atomcontent: 0.809 nass% Fe atomcontent: 0.699 nmass% N
at om cont entor ok, amkstif maresprdfertilpB0 mass% or more. The content of
the medium-boiling inactive compound can be determined by sampling
the liquid phase component and/or the gas phase component from the
10 multistage distillation column and analyzing by a known method such
as gas chromatography or liquid chromatography. The content of the
medium-boiling inactive compound may also be estimated from the
temperature and pressure in a random position in the multistage packed
column using a previously determined T-XY diagram of components in
15 the multistage distillation column.
[0174] The range of the layer formed of the medium-boiling inactive
compound can be adjusted by controlling the amount of heat given to
the evaporator provided at the bottom of the multistage distillation
column, the amount of reflux at the top of the multistage distillation
20 column, the amount of the medium-boiling inactive compound supplied,
the amount of the mixture containing (A) and (B) supplied, the pressure
within the multistage packed column, and the like. Optionally, the
medium-boiling inactive compound may be present in stages other than
in the above-described range.

25 [0175] On the other hand, when the mixture starts to be supplied to the

multistage distillation column, it is preferred to use a method of
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20 separation was perfornmed with the tenperature of the continuous

mul ti stage packed colum 101 at 120C and the internal pressure at 0.2 kPa.
The part below the part connected with the line 10 in the continuous

nmul ti stage packed col unmm 101 was heated with a heat nmedi um jacket. The
hexanet hyl ene dii socyanate was recovered from25a line 11, the propoxyl ated
gl ycerol was recovered froma line 17, and the polyi socyanate was recovered
froma line 16. The resulting polyisocyanate was neasured by GPC to find

that the nu%%d@{ﬁgaaﬁzm}@c%aaiqeﬁitgﬁﬁﬁga%n&tw @&ﬁPO{lﬂégfﬂto[ Rgker ence
Exanple 11 <Step (A<1)>"5The reaction sintlar to that Tn Step (1-1) of

Exanpl e 1 waf;lasfaber @edillatiyn r@Acidmnbeiing ithe waslianebyalth Bhaefiéeto find
that the nunber average nol ecul ar wéi ght for the parts excluding the peaks

cor r espondi ggmippuhliesd ey ahat gaafthabe qrexivhate diliidy oeitlela roay patei al s was
5.9 x 102. 0.5 m of diethyl he%l Ip)glhosphate was added 10tog?he m xture.

[0187] <Stemddhum)-boiirdi Hiddtivat c@npsends ahd ehen RuppRdfgshewnitturEitg. 2 was
used. The reaction solution obtained in Step (A-1) was supplied from
a lige 20 tthemadtitiageadistiiationh stodgenpac Hed statepand 401s paokeprafetrbda 15
Raschig ring nade of SUS316 (Fe atom content: 67 mass% or nore, Ni atom
content: 12tovsspPly. thd stixtirat icothes epatiatagendisttlapient colmath winder ttbesl
tenperature of the continuous nultistage packed columm 201 at 120C and the
i nternal presfbux of the MediluPaboiting activbelompaetred.part connected with the
line 20 in the continuous nultistage packed colum 20 201 was heated with

a heat nedi [ 7G@ckbe. mTdaimhdxahmghyiactive dionspeyahaan basupplied doglief rom a
line 21, the propoxyl ated glycerol was recovered froma line 27, and the
pol yi socyanandtiskager dotilatien cobima kither 26. aThguidsan abng gad.yi $beyanat e
\S'ai I)r@re ?Sgr e?neb iun??goitlfng iir{]a%titvgaéorilggmqgingg{/ baevgpap ieedrrﬁ'lo(fr? %ln?frpgﬁ‘iaiggt as
in the multistage distillation column, specifically, may be supplied from
a supply port provided in the upper part of the multistage distillation
column, may be supplied from a supply port provided in the lower part
of the multistage distillation column, may be supplied from a supply
15 port provided at a height the same as that of a supply port to which the
mixture is supplied, or may be supplied from a supply port to which the
mixture is supplied.
[0177] The amount of the medium-boiling inactive compound used is
preferably 0.01 to 100 times based on the mass of the mixture,
20 depending on the compounds used, the compounds to be separated, and
the operation conditions. The amount of the medium-boiling inactive
compound used is preferably an excess in order to suppress the reaction
between (A) and (B), but too large an excess is not preferred because
the throughput in the packed column (the amount of the mixture

25 containing (A) and (B) supplied) is reduced. Accordingly, the amount

of the medium-boiling inactive compound used is more preferably 0.1
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25[0188] Presumably, in Step (A-2), Fe on the surface of the Raschig ring
made of SUS316 pronopted pol yi socyanate fornmation reaction in the
continuous multistage packed colum 201, and changed t he nunber average
nmol ecul ar wei ght of the polyisocyanate after performng Step (A-2). [0189]
[ Exanpl e 2] 5<Step (2-1)> The reaction simlar to that in Step (1-1)
of Exanple 1 was perforned. The reaction solution was anal yzed by GPC to
find that the nunmber average nol ecul ar weight for the parts excluding the

peaks correspandimngs! shd E‘ﬁiiirﬁ@f‘éfnﬁfﬁé%@?@.?E@BW&%&F%&W&?E}% i AW
10materials was 5.9 x 102. 0.5 of diethyl hexyl phosphate was added to

the m xturegfi@d 8okt ep (2-2)> The unreacted nononers were
separated by distillation using a distillation separation unit 300 shown in

Fig. 3. 15@@17@]@\%@9%@9@&@ an opédeRtthd ndBiktior Ljepipstihieatagidso 150C
and supplied toa thin filmdistillation apparatus 301 having an internal

pressure of aBedrdifia. tolNdep@oyiseritianabé firc amnhipdnértomsapplice @6 thes
nmeasured by GPC to find that the nunber average nol ecul ar wei ght was 6.1 x

Froma 1ine 51 and supplied To o cont fnuous mul i)t age dicrr 1 ation ol um:
302 (A der shapylaaknrad, thdeteohipghage, the Stphages)the Tinuliisigge ddisdtiatiened from
a line 33 was the hexamet hyl ene diisocyanate. The liquid recovered froma
| i ne 35 wascbhenpy apdxiyd liked doresmaohple?d]iBtion Refaeateoc es Eedopned?)
under reduced pressure, under atmospheric pressure and under increased
pressure, but it is usually preferred to perform it at a pressure in the
10 range of 0.01 kPa to 10 MPa, and the pressure is more preferably in the
range of 0.1 kPa to 1 MPa, and still more preferably in the range of 0.5
kPa to 50 kPa in terms of easiness of industrial implementation.
[0179] The temperature in performing distillation separation varies
according to the composition of the components supplied to the
15 multistage packed column in which distillation separation 1is
implemented, the temperature, the type of the multistage packed
column, and the like. When the temperature is too high, (A), (B), and
the medium-boiling inactive compound may be thermally denatured and
when the temperature is too low, industrial implementation is not easy,
20 since a new Installation for cooling must be provided, for example, and
the temperature is therefore in the range of preferably 50°C to 350°C,
more preferably 80°C to 300°C, and still more preferably 100°C to
250°C.
Examples

25 [0180] The present invention will be specifically described below with

reference to examples; however, the scope of the present invention is
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<Step (B-1)> The reaction simlar to that in Step (1-1) of
Exanple 1 was perfornmed. The reaction solution was anal yzed by G°PC to find
that the nunber average nol ecul ar wei ght for the parts excluding the peaks
corresponding to the isocyanate and propoxyl ated glycerol raw Smaterials
was 5.9>< 102. 0.5 m of diethyl hexyl phosphate was added to the m xture.
[0192] <Step (B-2)> The unreacted nononers were separated by
distillation using a distillation separation unit 400 shown in Fig. 4.

10The react hap]ippkdt tPtheRblabnfslesn Step (B-1) was heated to 150C and
supplied to a thin filmdistillati on apparatus 401 havi ng an i nternal

pressure of (@ & KRanahdspetthogscyanate recovered froma line 46 was
measured by GPCto find that the nunber average nol ecul ar weight was 6.1 x

102. The un(p}ammpﬁgrrﬁemde extracted as gas 15 conponents from a
line 41 and supplied to a continuous nultistage distillation colum 402

(A dershaw col um Apdeatok: SN83-A600 FEENMR besteanmapiufectarst by iDL of
stages as those of the continuous nultistage distillation colum 302 used

in Step (2-2xdof Exanple 2). The liquid recovered froma line 43 was the
hexanet hyl ene 20di i socyanate, On the other hand, the I3i quid recovered from
a line 45 wik-13 Prpacatich iof HiNMR crelpdis tsaenplyedmoed ) Gr MR mfalyhie
propoxyl ated gl ycerol reacted with isocyanate groups, and its nunber
aver age nol sgmipde wei ght by GPC measurenent was 3.8 x 102. [0193]
Presunably, in Step (B-2), Fe on the surface of the QO dershaw 25col umm nade
of SUS316 pronot edboedd).8 op odfa swephe salwidry veaseweighed, about 0.7 g of
deuterated chloroform (manufactured by Aldrich, 99.8%) and 0.05 g of
10 tetramethyltin as the internal standard (manufactured by Wako Pure
Chemical Industries, Ltd., Wako Ist Grade) were added, and they are
homogeneously mixed to prepare a solution as an NMR analysis
sample.
(1-2) Quantitative analysis method
15 Each standard was analyzed to prepare a calibration curve, and
the analysis sample solution was quantitatively analyzed based on the
calibration curve.
[0182] (2) Liquid chromatography analysis method
Apparatus: LC-10AT system manufactured by Shimadzu Corp.
20 Column: Silica-60 column manufactured by Tosoh Corp., two
columns connected in series
Developing solvent: Mixture of hexane/tetrahydrofuran = 80/20
(volume ratio)
Solvent flow rate: 2 mL/min

25 Column temperature: 35°C

Detector: R.1. (refractometer)
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di i socyanate with the propoxylated glycerol, and generated a conpound in
whi ch sonme of the hydroxy groups of the propoxylated glycerol reacted with
i socyanate groups. [0194] [Exanple 3] <Step (3-1)> 512.0 kg (54 nol) of

i sophorone diisocyanate was mxed with 1.98 g (7.2 nol) of propoxyl ated

gl ycerol having one propyl ene oxi de group on average per hydroxy group. 0.5
g of zinc acetate was added to this solution, and the m xture was heated at
120C for about 0.5 hour. The reaction solution was anal yzed by GPC to find

that the nu LitQiA¥BF RESt IR hakl R glhinfeor the parts excluding the
peaks correg%ggdi ﬁg to the idsggc@gynateyaéﬁéd pr%poxyl ated glycerol raw

materials was 8. 1Ahol#2.0.P. 2 i of g@@b{yl ﬂggylwéjgggaahaé{ﬁ)masi angﬁ“ to the

m xture. [0195] <Step (3-2)> 15The unreacted nononfers were separated by

di stillati opetishylrofurdnymdngfatnired enaWaikicoPutnChesfiBalshelwatiies, Fitd., 3.
The reaction solution obtained in Step (3-1) was heated to 150C and
suppl i ed t odehydiated) amdditsduit! 0.80i grofabiyphahob 803 thevingnah staiddrdal
pressure of 0.1 1cPa. The polyisocyanate recovered froma line 20 36 was
measdr ed by (@aGufactbirettby Aake PeraGheenical Brdgetrion| ey st Geidghtweres 8. 2 x
102. Meanwhil e, the unreacted nononers were extracted as gas conponents
from a |ineaddedndndthpyiad hamagenevisiyomsxediltoimepgee di stlutibataoa col um
302 (d dershaw col um nmade of glass, 15 stages) The liquid recovered froma
| i ne 33 conligusddhtdma@irsplyhansheissdmpeyanat e at 98 mass% The |iquid
recovered froma |line 35 contained the propoxylated glycerol at 98 nmass%
(2-2) Quantitative analysis method
Each standard was analyzed to prepare a calibration curve, and
10 the analysis sample solution was quantitatively analyzed based on the
calibration curve.
[0183] (3) Gel permeation chromatography (GPC) analysis method
Apparatus: LC-10AT system manufactured by Shimadzu Corp.
Column: TSKgel G1000Hy; manufactured by Tosoh Corp.,
15 three columns connected in series
Developing solvent: Chloroform
Solvent flow rate: 2 mlL/min
Column temperature: 35°C
Detector: R.1. (refractometer)
20 (3-1) Gel permeation chromatography analysis sample
About 0.1 g of a sample was weighed, about 1 g of chloroform
was added, and they are homogeneously mixed to prepare a solution as
an analysis sample.
(3-2) Quantitative analysis method
25 A calibration curve relative to the retention time was prepared

using monodisperse polystyrene as the standard sample, and the
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[0196] [ Reference Exanple 3] <Step (C1)> The reaction simlar to
that in Step (3-1) of Exanple 3 was perfornmed. The reaction sol ution was
anal yzed by GPC to find that 5 the nunber average nol ecul ar wei ght for the
parts excluding the peaks corresponding to the i socyanate and propoxyl at ed
glycerol raw materials was 8.1 x 102. 0.5 m of diethyl hexyl phosphate was
added to the mxture. [0197] <Step (C 2)> 10The unreacted nononers were
separated by distillation using a distillation separation unit 400 shown in

Fig. 4. molEBEldr §a&iche tvasUalidulatedPRbat fifdcdlibratioR dfpvd) was heated to
150C and supplied to athin filmdistillation apparatus 401 having an

i nt ernal pr@g;sgm]g[gf(aﬁpqle I{FDa. The pol yi socyanate recovered froma line 15
46 was neasured by GPC'to find that the nunber average nol ecul ar wei ght was

8.1 x 102. Hwep(l€get ed nononers were extracted as gas conponents froma
line 41 and supplied to a continuous nultistage distillation colum 402

(A dershaw col um ] geldke ¢72 3B dfthexnavethglddvedisevoyanbrewas mihaid witht he
continuous multistage distillation colum 20 302 used in Step (3-2) of

Examd e 3). 019 g {J6imot eobpeopolk¥lated glydenel hdvingsonderbpxkmet byidene
diisocyanate. On the other hand, the liquid recovered froma line 45 was a
m xture of igheupoopaxgbge gerdiydrexplgraiiph &.E@mbdumt acetat slassuldedof t he
hydroxy groups of the propoxylated glycerol reacted with isocyanate groups,
and its nunberthkbacohrbgy amd éhel mixtnee ghias thea@elC areliN(Efeontabeat 158 x 102.
[0198] [Exanple 4] <Step (4-1)>
hours. ~ The reaction solution was analyzed by GPC to find that the
number average molecular weight for the parts excluding the peaks
10 corresponding to the isocyanate and propoxylated glycerol raw
materials was 5.9 x 10>, 0.5 ml of diethylhexyl phosphate was added
to the mixture.
[0185] <Step (1-2)>
The unreacted monomers were separated by distillation using a
15 distillation separation unit 100 shown in Fig. 1.
The reaction solution obtained in Step (1-1) was supplied from a
line 10 to a continuous multistage packed column 101 packed with a
Raschig ring made of ceramic (Ti atom content: 0.809 mass%, Fe atom
content: 0.699 mass%, Ni atom content: 0.01 mass%). Distillation
20 separation was performed with the temperature of the continuous
multistage packed column 101 at 120°C and the internal pressure at 0.2
kPa. The part below the part connected with the line 10 in the
continuous multistage packed column 101 was heated with a heat
medium jacket. The hexamethylene diisocyanate was recovered from

25 a line 11, the propoxylated glycerol was recovered from a line 17, and

the polyisocyanate was recovered from a line 16. The resulting

85



97.0 kg (500 nmol) of butyl phenyl carbonate was heated to 120C in a nitrogen
at nosphere. 11.6 kg (100 nol) of hexanet hyl enedi am ne was then added and
stirring was continued for 5 five hours. The reaction solution was

anal yzed by liquid chromatography and 1HNVR to find that it was a m xture
contai ning N, N - hexanediyl -di carbam c acid dibutyl ester, butyl phenyl
carbonate and phenol. [0199] <Step (4-2)> 10Distillation separation was
performed in a distillation separation unit 500 shown in Fig. 5. The

reaction SOEEI}J'i%bmta@é Ml hiRaSilel b¢-GPORSTindrplat ede A& hvdtagel to a
cont i nuous It | sttage packed col um 501 packed with a Raschig ring nade of

ceram ¢ (MaH1achidf Gibight Mak B0 «Vpghi ne Ltd.). 15 Distillation separation

was performed wth the tenperature of the continuous nultistage packed

colum 501 wlaﬂﬂ%@rém Eﬂﬁﬂpﬁ@ll pressure at 0.2 KPa. The phenol was
recovered froma [ine 53, and the N, N -hexanediyl -di carbam c acid dibutyl

ester and buSyphenyl- carbonate were recovered froma line 55. D butyl
carbonate was not 20detected in the m xture recovered fromthe |ine 55.
[0200] [ Ref er enceThzaraakton] sinfliaptg Dha) n Step (1-1) &f Bxample ¢ontasi ni ng
N, N - hexanedi yl - di carbami c acid di butyl ester, butylphenyl carbonate and
phenol was pétfairmed. byl'lperéastiomgoRBrensvdsoanalymed dry oPChtat find Stedp (4- 1)
of Exanple 4. [0201] <Step (D 2)> ' The phenol was sethr ated by
di stillati othd numbdir stvierdget mwleselaarveeigbh fonthe pans sikeluding thepeas
corresponding to the isocyanate and propoxylated glycerol raw
materials was 5.9 x 102 0.5 ml of diethylhexyl phosphate was added
10 to the mixture.
[0187] <Step (A-2)>
A distillation separation unit 200 shown in Fig. 2 was used.
The reaction solution obtained in Step (A-1) was supplied from
a line 20 to a continuous multistage packed column 201 packed with a
15 Raschig ring made of SUS316 (Fe atom content: 67 mass% or more, Ni
atom content: 12 mass%). Distillation separation was performed with
the temperature of the continuous multistage packed column 201 at
120°C and the internal pressure at 0.2 kPa. The part below the part
connected with the line 20 in the continuous multistage packed column
20 201 was heated with a heat medium jacket. The hexamethylene
diisocyanate was recovered from a line 21, the propoxylated glycerol
was recovered from a line 27, and the polyisocyanate was recovered
from a line 26. The resulting polyisocyanate was measured by GPC to
find that the number average molecular weight was 9.1 x 10°,

25 [0188] Presumably, in Step (A-2), Fe on the surface of the Raschig ring

made of SUS316 promoted polyisocyanate formation reaction in the
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The reaction solution obtained in Step (D-1) was supplied froma line 61 to
a continuous nultistage packed colum 601 packed with a 5 Raschig ring
made of SUS304. Distillation separation was perfornmed with the tenperature
of the continuous multistage packed colum 601 at 90C and the internal
pressure at 0.2 KPa. The phenol and butanol were recovered froma |line 63.
A m xture containing the N N -hexanediyl-dicarbam c acid dibutyl ester, a
conmpound represented 10by the following fornula (a), the butyl phenyl

car bonat e a@@nﬁhﬁ@ﬁ@%u&?s‘t@%é"?a k¥@Sca1a6aY ead didPBhanbbdeh@Snukifem cal
Formula 32] ( a [ 0202] P mabl'y, in the continuous nultistage packed

colum 601, aﬂzératgl@emliﬂre@gaf elbng o%‘lthfaqs@ypjocyaﬁat%am@f geflopghiApdSepf SUS304

pronot ed ester €xchange reaction between”butyl phenyl carbonate and” phenol,
so that its(Ar®duct, diphenyl carbonate, was recovered fromthe bottom of
t he continuous nul ti stage packed colum 601 and the other product, butanol
was recover@@ilgg]opﬁ;kmm@g] of the continuous 20 nul ti stage packed col um
601, while the surface pronoted ester exchange reaction between
N, NlShexaneehSyd:p (2-dgrbam ¢ acid dibutyl ester and phenol, so that its
product, the conmpound represented by the formula (a), was recovered from
t he bottom of theThentdactionssimilai $6 ahet pacKegp ¢bllynof Eamak] 01203k
[ Exanple 5] <Step (5-1)> 67.9 kg (350 nol) of butyl phenyl carbonate
was heat ed perfor@edi n Bhaireactipm satuticpivease analyzed Koy (GBCntal Yinof that
4, 4" - di cycl ohexyl net hanedi am ne was then added and stirring was
conti nued f the humddrcnesagdneolecalarivveighdifar tun pacts mhﬂdmgdhlayp&akqw d
chromat ography and 1H 1-NVR to find that it was a m xture containing
4, 4' - di cycl ehaeypordingneai (bar bam)camﬁedandt yropexgtated bgl yegpbbnyaw
carbonate and phenol . [0204] sStep ( %
10 materials was 5.9 x 10% 0.5 ml of diethylhexyl phosphate was added
to the mixture.
[0190] <Step (2-2)>
The unreacted monomers were separated by distillation using a
distillation separation unit 300 shown in Fig. 3.
15 The reaction solution obtained in Step (2-1) was heated to

150°C and supplied to a thin film distillation apparatus 301 having an
internal pressure of 0.4 kPa. The polyisocyanate recovered from a line
36 was measured by GPC to find that the number average molecular
weight was 6.1 x 10°. Meanwhile, the unreacted monomers were
20 extracted as gas components from a line 31 and supplied to a continuous
multistage distillation column 302 (Oldershaw column made of glass,
15 stages).  The liquid recovered from a line 33 was the
hexamethylene diisocyanate. The liquid recovered from a line 35 was
the propoxylated glycerol.
25 [0191] [Reference Example 2]
<Step (B-1)>
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10D stillation separation was perfornmed in a distillation separation unit
700 shown in Fig. 7. The reaction solution obtained in Step (5-1) was
heated to 150C and supplied to a thin filmdistillation apparatus 701 nade
of glass having an internal pressure of 0.1 kPa. The 15

4,4' - di cycl ohexyl net hanedi (carbam c acid butyl ester) was recovered froma
line 71. The gas phase conponent containing the butyl phenyl carbonate and

t he phenol was extracted froma line 72, supplied to a continuous

mul tistage distilffakl RAcEOhUSINTA? tPaBkednVSidh alRgsehiBkanhpie Meggsof
Tefl on(R), and separated by distillation. The Iiquid 20obtained froma |ine

73 was the pbefdemedandiiidgeadtisi doRRicH vak Eﬁ@l:%@d'ﬁyﬂﬁﬁ@ wRsindhehat
but yl phenyl “carbonate. [0205] [Reference Exanple 5] <Step (E-1)>

A mxture ceid auhibeg defagenwylebohexyéipht fonded paas kaelaliagitie uakisy|

ester), butyl phenyl carbonate and phenol was obtai ned by performng

reaction si obtrespéndinpattoi ntht epod varnbte otinBx pmbexylated 0g0Edersbt epw( E- 2) >
Distillation separation was perfornmed in a distillation separation unit 800

show$ i n Fi gnat8rials was 5.9 x 10°The.5 esicof diethglheiiydphobphatecsas adSedp (E- 1)
was heated to
to the mixture.

[0192] <Step (B-2)>
The unreacted monomers were separated by distillation using a
distillation separation unit 400 shown in Fig. 4.

10 The reaction solution obtained in Step (B-1) was heated to
150°C and supplied to a thin film distillation apparatus 401 having an
internal pressure of 0.4 kPa. The polyisocyanate recovered from a line
46 was measured by GPC to find that the number average molecular
weight was 6.1 x 10%.  The unreacted monomers were extracted as gas

15 components from a line 41 and supplied to a continuous multistage
distillation column 402 (Oldershaw column made of SUS316, having
the same size and number of stages as those of the continuous
multistage distillation column 302 used in Step (2-2) of Example 2).
The liquid recovered from a line 43 was the hexamethylene

20 diisocyanate. On the other hand, the liquid recovered from a line 45
was a compound in which some of the hydroxy groups of the
propoxylated glycerol reacted with isocyanate groups, and its number
average molecular weight by GPC measurement was 3.8 x 107,

[0193] Presumably, in Step (B-2), Fe on the surface of the Oldershaw

25 column made of SUS316 promoted reaction of the hexamethylene

diisocyanate with the propoxylated glycerol, and generated a compound

88



5150C and supplied to a thin filmdistillation apparatus 801 nmade of gl ass
havi ng an internal pressure of 0.1 kPa. The

4, 4" - di cycl ohexyl net hanedi (carbam ¢ acid butyl ester) was recovered froma
line 81. The gas phase conponent containing the butyl phenyl carbonate and

t he phenol was extracted froma line 82, supplied to a 10 continuous

mul tistage distillation colum 802 packed with a Raschig ring nade of
titanium and separated by distillation. The liquid obtained froma |ine 83
was a |iquigh GORfcH RbRR b&reth%hﬁ?a_kogn$reufg§rwﬁ th@ﬂﬁogbﬁyldtéw'gly@@ﬁﬁ' ned
froma line 84 was a |1 quid containi’ng the butyl phenyl Tarbonate. 15[ 0207]

Presumabl y, rédetédovigPiiocRuANE dheubkst age distillation colum 801, the
titanium (Ti)-containing surfate of the Raschig ring made of titanium

pronoted es{@rof F}Bﬁ@g@ég]ﬁcti on between butyl phenyl carbonate and phenol,
so that its product, diphenyl carbonate, was recovered fromthe bottom of
the conti nueugsepr(g.tli):st age distillation 20colum 801, and the other product,
but anol, was recovered fromthe top of the continuous nultistage

di stiSl I ation col ut@.B&g (39208]) dErsuplcrofie diftomyahfitel)was mixed with Step
(6-1) was inplenmented using an N-substituted carbam c 25acid ester

production Urf& gy002sholinof prépaxylatedsiyreac] haeingdont prepylens. dkidg (120
nol ) of di phenyl carbonate was supplied froma storage tank 901 through a

line 91 to greup oni axeragekedlydraxy group. k@.§ p1of anic) acftaiehensladded from a
storage tank 902 through a line 92 to the stirring tank 904. The liquid
t enper at ur eto thisselstiom,rdndytheamix@0d wessheatpd st d2000 favabous0G hand 4. 9 kg
(42 nol) of 5 hexanethyl enedi am ne was supplied froma storage tank 903
t hrough a | ilihe s@ctiont kelugionr wasganakeddy Ghe tedind shaf thenangdier of the
reaction solution by liquid chromatography showed that
N, Nex anedpyeragiec ansdestlanciweighphdny | thet epartis egehsiing edhen peakisel d of
99. 5%
’ corresponding to the isocyanate and propoxylated glycerol raw
materials was 8.1 x 10%. 0.5 ml of diethylhexyl phosphate was added
to the mixture.
{0195] <Step (3-2)>
15 The unreacted monomers were separated by distillation using a
distillation separation unit 300 shown in Fig. 3.
The reaction solution obtained in Step (3-1) was heated to
150°C and supplied to a thin film distillation apparatus 301 having an
internal pressure of 0.1 kPa. The polyisocyanate recovered from a line
20 36 was measured by GPC to find that the number average molecular
weight was 8.2 x 10°. Meanwhile, the unreacted monomers were
extracted as gas components from a line 31 and supplied to a continuous
multistage distillation column 302 (Oldershaw column made of glass,
15 stages). The liquid recovered from a line 33 contained the
25 isophorone diisocyanate at 98 mass%. The liquid recovered from a

line 35 contained the propoxylated glycerol at 98 mass%o.
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10The line 94 was opened and the reaction solution was transferred through
the line 94 to a storage tank 905. This operation was repeated five tines.

[ 0209] <Step (6-2)> Step (6-2) was inplenented using an
N-substituted carbamc 15 acid ester thermal deconposition and isocyanate
separation unit 1000 shown in Fig. 10. Hexanet hyl ene dii socyanate was

fed to the bottomof a continuous nmultistage packed col unm 1002 packed with
a Raschig ring made of ceramc (Ti atomcontent: 0.809 nmass% Fe atom

content: 200H@IREReENe Nkapigpangontent: 0.01 mass%, and a total reflux
operation for the hexanethyl ené diisocyanate was perforned. [0210] A thin

filmdistilkg&éppCapparatus 1001 nade of glass was heated to 240C, and its
internal pressure was adjusted to about 1 kPa. The reaction sol ution

recovered in the TheragetioAnkindidar i thhein(Steh) (Mdy a@bSkaingslet 8 ®HERC and
supplied through a line Al to the upper part of the thin filmdistillation

appar at us 1@6dfoatmedbollfhd @ekgidn solutioxwaseanglyatdi by (gPENto Sioclythwt e and a
hydr oxy conmpound was obtained by thermally deconposing the

N, N' Shexanethe huditearsvarige awldcdlapvesight dst ére parts lecchiding ftherpeaks
distillation apparatus 1001. The liquid phase conponent was extracted from
a line A3 atotresptmdingmtof thiee isbeyarfaté mafdi girobbayladed agbereaolisra®01 and
circulated through a line A5 and the line Al to the upper part of the thin
filmdistil hestenalsapparéat us 1@%010.51’ d of diathglheaxyl ehiosphatedwas addedgas
phase conponent froma line A2. [0211] The m xture extracted as the gas
phase conpohethe mivmrehe thin filmdistillation apparatus 1001 through the
line A2 was _conti nuousl 10 fed to the mddle of the continuous nultistage
packed col uflQboEStemCtIe ni xture was separated by distillation. The gas
distilled fromthe top of the continuous nmultistage packed,col um 1002
thrd@gh a Iine AGTWGSUT@'@%@@SWW@SC‘@%Waf_@@bbyaiﬁéﬂﬁwm MEUS By

extracted froma Jine A7. Meanwhil e, the |iquid phase conponent was
extract ed 1@@5}%@@& sapsgatiog ua@é@show in Fig. 3.

The reaction solution obtained in Step (C-1) was heated to
150°C and supplied to a thin film distillation apparatus 401 having an
internal pressure of 0.4 kPa. The polyisocyanate recovered from a line

15 46 was measured by GPC to find that the number average molecular
weight was 8.1 x 10%.  The unreacted monomers were extracted as gas
components from a line 41 and supplied to a continuous multistage
distillation column 402 (Oldershaw column made of SUS316, having
the same size as that of the continuous multistage distillation column

20 302 used in Step (3-2) of Example 3). The liquid recovered from a
line 43 was the hexamethylene diisocyanate. On the other hand, the
liquid recovered from a line 45 was a mixture of the propoxylated
glycerol with a compound in which some of the hydroxy groups of the
propoxylated glycerol reacted with isocyanate groups, and its number

235 average molecular weight by GPC measurement was 4.8 x 10,

[0198] [Example 4]
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[0212] The liquid extracted fromthe line A9 was a solution containing the
hexanmet hyl ene dii socyanate at about 99 nass% The yield based on

hexanet hyl enedi am ne was 93% [0213] [Exanple 7] 20<Step (7-1)> Step
(7-1) was inplenented using an N-substituted carbam c acid ester production
unit 1100 shown in Fig. 11. 4.8kgof hexanet hyl enedi am ne, 165kgof 4-0

, 1,3 ,3-tetranet hyl butyl)phenol and 10.0 kg of urea were m xed to 25prepare
a raw material solution. A packed columm 1101 packed with a packing

mat eri al ( HeKie Mo. 3) was heated to 240C, and its internal pressure
was adjusted to about 20 kPa. A m xture having the sanme conposition as that

of the raw materiaf7,(sdgut(500 w&ﬂ)i@ﬁMyl?’ﬁn?/ht@rbbﬁawawmdl@thmollol
froma line Bl connected to the upper side of the packed colum 1101. After

the operati gp0e@ndid i ensnittsgermmdenstphére. S Itihe rigw @06r i golpolafti on was
introduced fromthe line Bl into the packed colum 1101 and reacted. The
reacti on sohekawetidsnediamiaeedas then siddedgend atikrifig OFayicantinned fs4 and B5
connected to the | owernost part of the packed colum 1101. The gas phase
conpénent wiver enowest ed fIlhem acddtives BRoltdionectvend t enslyeedppey ndsjuidart  of
the packed 10 column 1101 apd condensed in a condenser 1102 maintained at
about 85C, ehtbmhtography tindg IdanhbRdat findthat dowasedl mixherer eertaindngsol ut i on
recovered fromthe line BS was anal yzed by |iquid _chronat o?raphy and ' H NWVR
to find thaiN,Nkexaosdiyédligarbantar acidi ditigyl ester, butylphenyl carbonate

di (4-(1,1, 3, 3-tetranet hyl butyl ) phenyl) ester was generated in the 15
reacti on soRodiph§noh a yi el d of about 95% based on hexanet hyl enedi am ne.

This operation was repeated five times. [0214] <Step (7-2)>
[0199] <Step (4-2)>

10 Distillation separation was performed in a distillation separation
unit 500 shown in Fig. 5.
The reaction solution obtained in Step (4-1) was supplied from a
line 51 to a continuous multistage packed column 501 packed with a
Raschig ring made of ceramic (manufactured by Matsui Machine Ltd.).
15 Distillation separation was performed with the temperature of the
continuous multistage packed column 501 at 90°C and the internal
pressure at 0.2 kPa. The phenol was recovered from a line 53, and the
N,N'-hexanediyl-dicarbamic acid dibutyl ester and butylphenyl
carbonate were recovered from a line 55. Dibutyl carbonate was not
20 detected in the mixture recovered from the line 55.
[0200] [Reference Example 4]
<Step (D-1)>
A mixture containing N,N'-hexanediyl-dicarbamic acid dibutyl
ester, butylphenyl carbonate and phenol was obtained by performing
25 reaction similar to that in Step (4-1) of Example 4.
[0201] <Step (D-2)>
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Step (7-2) was inplenmented using an N-substituted carbamc 20 acid ester

t hermal deconposition and i socyanate separation unit 1200 shown in Fig. 12.
Hexanet hyl ene dii socyanate was fed to the bottom of a continuous nultistage
packed colum 1202 packed with a Raschig ring made of ceramic (Ti atom
content: 0.809 mass% Fe atom content: 250.699 nmass% N atomcontent: 0.01
mass%, and a total reflux operation for the hexanethyl ene diisocyanate was
performed. [0215] A thin filmdistillation apparatus 1201 was heated to

280C, and its integhealphRhesSWas %@?aﬁ@édlsbgddmﬂmwﬂ i Q& kdatil/Afienr eaction
solution recovered in the storage tank 1105 in Step (7-1) was heated to

150C and supgpdratohQdih600 Rhowi ilm]i«‘@_@ti |l ati on apparatus 1201 at about 5
10 kg/hr froma line C 1 connected to the upper side of the thin film

di stillation appaTatugad@d sobdnibr bdtdindt HaxstepdiDH]) diveasheplied deird
di (4-(1,1, 3, 3-tetranet hyl butyl)phenyl) ester was thermal |y deconposed. A

m xture contdimé 6§ tana icentiyaoas mmlmﬁt?mﬁMMCQMMmlﬁm pask@abtdilngd by
this thermal deconposition. The |iquid phase conponent 10 was extracted
fromSa | i neR@3chignriagtmdde @ft HESBOHt o mtilkabient separdtidmveiisspetfbatiedn
apparatus 1201, and introduced and circulated through a line C5 and the
line C 1 towitethepenpgatureaf! thheontinuotsmultistagd patkahcalpman #0dsat1201.
The m xture was extracted as the gas phase conponent froma |line C2.

15[ 0216] ThE0RCxanud e¢hexintemiad drassurbeatg@L fifase Tloepdeael drd utdmlt hi n
filmdistillation apparatus 1201 through the |line C2 was continuously fed
to the ni ddmeref repevesgdt i fioous amiling stdge pdck stixéweunertaiingaritiet he

m xture was _separated by distillation. The anount of heat necessary for

di stillatiof, nediy lwhearbappriasdd idjbeivl @stens g sgmpeundoepresentédi n t he

| ower_ part of the_colum through a reboiler 1204 and a |ine C8. The
presdure at BYH etﬁﬂ?qwu‘zgn@m@@u wdbe dnsyitphenybcartrpratgandiidiphenydd from
the top of the continuous nultistage packed colum 1.202 through a Iine C6
was condens&arqanage Wd’@ﬁ@%@re@%@n}%hﬂ@ -de the liquid phase conponent,

whi ch was c i nyo extracted froma line 25C7 and supplied to a
cont i nuous E@h?@?%ﬁrﬁéﬁé&ﬁcol um 1205. [0217] The |iquid phase conponent
extracted fromthe line C7 was Coon@ously fed to the mddle of the

m

€

continuous nultistagg packed col 5, and the liquid phase conponent
was separ at et by dist YT atT o, “Fheogay distilled fromthe top of the

conti nuous nul tistage packed col umm 1205(was condensed in a condenser 1206

and {0202] Presumably, in the continuous multistage packed column 601,

15 the Fe-containing surface of the Raschig ring made of SUS304
promoted ester exchange reaction between butylphenyl carbonate and
phenol, so that its product, diphenyl carbonate, was recovered from the
bottom of the continuous multistage packed column 601 and the other
product, butanol was recovered from the top of the continuous

20 multistage packed column 601, while the surface promoted ester
exchange reaction between N,N'-hexanediyl-dicarbamic acid dibutyl
ester and phenol, so that its product, the compound represented by the
formula (a), was recovered from the bottom of the continuous
multistage packed column 601.

25 [0203] [Example 5]
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5continuously extracted to a storage tank 1209. The liquid extracted to the
storage tank 1209 was a sol ution containing the hexanet hyl ene diisocyanate
at about 99 nass% hexanet hyl enedi ami ne was 88% [0218] [ Reference Exanple
6] 10<Step (F-1)> N, N -Hexanedi yl -di carbam ¢ The yield based on acid

di (4-(1,1, 3,3-tetranet hyl butyl)phenyl) ester was obtained in a yield of
about 95% based on hexanet hyl enedi am ne by performng reaction simlar to
that in Step (7-1) of Exanple 7. 15[0219] <Step (F-2)>

<Step (5-1)>

67.9 kg (350 mol) of butylpheny! carbonate was heated to
120°C in a nitrogen atmosphere. 10.5 kg (50 mol) of
4,4'-dicyclohexylmethanediamine was then added and stirring was

5 continued for five hours. The reaction solution was analyzed by liquid
chromatography and 'H-NMR to find that it was a mixture containing
4,4'-dicyclohexylmethanedi(carbamic acid butyl ester), butylphenyl
carbonate and phenol.

[0204] <Step (5-2)>
10 Distillation separation was performed in a distillation separation
unit 700 shown in Fig. 7.

The reaction solution obtained in Step (5-1) was heated to
150°C and supplied to a thin film distillation apparatus 701 made of
glass having an internal pressure of 0.1 kPa. The

15 4,4'-dicyclohexylmethanedi(carbamic acid butyl ester) was recovered
from a line 71. The gas phase component containing the butylphenyl
carbonate and the phenol was extracted from a line 72, supplied to a
continuous multistage distillation column 702 packed with a Raschig
ring made of Teflon(R), and separated by distillation. The liquid

20 obtained from a line 73 was the phenol, and the liquid obtained from a
line 74 was the butylphenyl carbonate.

[0205] [Reference Example 5]
<Step (E-1)>

A mixture containing 4,4'-dicyclohexylmethanedi{carbamic acid

25 butyl ester), butylphenyl carbonate and phenol was obtained by

performing reaction similar to that in Step (5-1) of Example 5.
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An N-substituted carbam c acid ester thermal deconposition and isocyanate
separation unit 1200 shown in Fig. 12 was used. A nethod simlar to
that of Step (7-2) of Exanple 7 was perfornmed, except that a continuous
mul ti stage packed col umm 1202 20 was packed with a Raschig ring made of
SUS316 (Fe atom content: 67 mass%or nore, Ni atomcontent: 12 mass% . The
liquid recovered in a storage tank 1209 was a sol ution containing the
hexanet hyl enc diisocyanate at about 99.8 mass% The yield based on

hexanet hy| engzderiSeenes-H% 25[ 0220] [Exanple 8, Exanple 9, Reference
Exanples 7 to 101 Thernmal "deconposition of N, N -Hexanediyl -di carbam c acid

di (4-(1,1, 3, 3-tet DHsElAyODUEphvapbaNyYhs et RirmrRidirs e piadtdldtivh s&shragioavery of

i socyanate were perforned in the sane manner as in Step (7-2) of Exanple 7,
except that unfteR(Rasledvvg indtg. Bf ceramic in Step (7-2) of Exanple 7 was
changed to a packing material (Raschig ring) whose Fe 5 atomcontent, N

atom content and Theatgrotwontsehitic mk&airﬁﬂsd;mi@‘&ﬁa i(B-1hevdolHeawidhgoTabl e 1,
respectively. The yield of the recovered hexanet hyl ene diisocyanate based

on héxanet hybeéhedaadisngphed @s adbse rfilae distillatien fappasaius B Tabhadd .off Tabl e
Y =xanp! egle?ssExahrg\)zliggg Iggf erirel{]e?’re;alExapr.rrpelsgurz of 0.1 kPa. The
4,4'-dicyclohexylmethanedi(carbamic acid butyl ester) was recovered
from a line 81. The gas phase component containing the butylphenyl
carbonate and the phenol was extracted from a line 82, supplied to a

10 continuous multistage distillation column 802 packed with a Raschig
ring made of titanium, and separated by distillation. The liquid
obtained from a line 83 was a liquid containing the phenol and butanol,
and the liquid obtained from a line 84 was a liquid containing the
butylphenyl carbonate.

15 [0207] Presumably, in the continuous multistage distillation column
801, the titanium (Ti)-containing surface of the Raschig ring made of
titantum promoted ester exchange reaction between butylphenyl
carbonate and phenol, so that its product, diphenyl carbonate, was
recovered from the bottom of the continuous multistage distillation

20 column 801, and the other product, butanol, was recovered from the top
of the continuous multistage distillation column 801.

[0208] [Example 6]
<Step (6-1)>
Step (6-1) was implemented using an N-substituted carbamic

25 acid ester production unit 900 shown in Fig. 9.

With a line 94 closed, 25.7 kg (120 mol) of diphenyl carbonate
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Ref erence Exanple 8 Reference Exanple 9 Reference Exanple 10 Fe atom
content 4.3 mass% 8.5 mass% 12.3 mass% 7. 8 mass% 8. 8 mass% 13. 1 nmass%

was supplied from a storage tank 901 through a line 91 to a stirring tank
904, and 19.8 kg (110 mol) of phenol was from a storage tank 902
through a line 92 to the stirring tank 904. The liquid temperature in
the stirring tank 904 was adjusted to about 50°C, and 4.9 kg (42 mol) of

5 hexamethylenediamine was supplied from a storage tank 903 through a
line 93 to the stirring tank 904. The results of analysis of the reaction
solution by liquid chromatography showed that
N.N'-hexanediyl-dicarbamic acid diphenyl ester was generated in a
yield of 99.5%.

10 The line 94 was opened and the reaction solution was
transferred through the line 94 to a storage tank 905. This operation
was repeated five times.

[0209] <Step (6-2)>

Step (6-2) was implemented using an N-substituted carbamic

15 acid ester thermal decomposition and isocyanate separation unit 1000
shown in Fig. 10.

Hexamethylene diisocyanate was fed to the bottom of a
continuous multistage packed column 1002 packed with a Raschig ring
made of ceramic (Ti atom content: 0.809 mass%, Fe atom content:

20 0.699 mass%, Ni atom content: 0.01 mass%), and a total reflux
operation for the hexamethylene diisocyanate was performed.

[0210] A thin film distillation apparatus 1001 made of glass was heated
to 240°C, and its internal pressure was adjusted to about 1 kPa. The
reaction solution recovered in the storage tank 905 in Step (6-1) was

25 heated to 150°C and supplied through a line Al to the upper part of the
thin film distillation apparatus 1001 at about 10 kg/hr. A mixture
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Ni atomcontent 3.8 mass% 7.9 mass% 8.3 nmass% 11.3 mass% 9. 0 nass% 11. 9
mass% Ti atomcontent 3.3 mass% 9.1 mass% 8. 3 mass% 8. 9 mass% 11. 1 mass%
12.1 mass%

containing an isocyanate and a hydroxy compound was obtained by
thermally decomposing the N,N'-hexanediyl-dicarbamic acid diphenyl
ester in the thin film distillation apparatus 1001. The liquid phase
component was extracted from a line A3 at the bottom of the thin film
5 distillation apparatus 1001 and circulated through a line A5 and the line
Al to the upper part of the thin film distillation apparatus 1001. The
mixture was extracted as the gas phase component from a line A2.
[0211] The mixture extracted as the gas phase component from the thin
film distillation apparatus 1001 through the line A2 was continuously
10 fed to the middle of the continuous multistage packed column 1002, and
the mixture was separated by distillation. The gas distilled from the
top of the continuous multistage packed column 1002 through a line A6
was condensed in a condenser 1003 and continuously extracted from a
line A7. Meanwhile, the liquid phase component was extracted
15 through lines A8 and A9.
[0212] The liquid extracted from the line A9 was a solution containing
the hexamethylene diisocyanate at about 99 mass%. The yield based
on hexamethylenediamine was 93%.
[0213] [Example 7]
20 <Step (7-1)>
Step (7-1) was implemented using an N-substituted carbamic
acid ester production unit 1100 shown in Fig. 11.
48 kg of hexamethylenediamine, 165 kg of
4-(1,1,3,3-tetramethylbutyl)phenol and 10.0 kg of urea were mixed to
25 prepare a raw material solution. A packed column 1101 packed with a

packing material (Heli Pack No. 3) was heated to 240°C, and its internal
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Yield 81% 73% 22% 19% 25% 11% 10[0221] [Exanple 10] <Step (10-1)>

68. 0 kg of 4-(a, a-di net hyl benzyl ) phenol and 7.0 kg of urea were supplied to
a stirring tank, and the stirring tank was heated to 100C. After the

sol uti on was made honobgeneous, 3.3 kg of 15 hexanet hyl enedi am ne was
supplied at about 0.1 kg/mn. After the supply of hexanethyl enedi am ne was
conpleted, stirring was perfornmed for about two hours, and the reaction

sol ution was anal yzed by |iquid chronmat ography, and the result showed that

Il et e LSt 3 an N SUDST] (UCSd ‘Gar BATTE o1 BoterBr bduct oA Ui {1300
shown in Fi gombdsition as that of the raw material solution was introduced into the
packed column 1101 from a line B1 connected to the upper side of the
packed column 1101. After the operation conditions were made stable,
5 the raw material solution was introduced from the line B1 into the
packed column 1101 and reacted. The reaction solution was recovered
in a storage tank 1105 via lines B4 and B5 connected to the lowermost
part of the packed column 1101. The gas phase component was
recovered from a line B2 connected to the uppermost part of the packed
10 column 1101 and condensed in a condenser 1102 maintained at about
85°C, and the resulting component was recovered. The reaction
solution recovered from the line B35 was analyzed by liquid
chromatography and 'H-NMR to find that N,N'-hexanediyl-dicarbamic
acid di(4~(1,1,3,3-tetramethylbutyl)phenyl) ester was generated in the
15 reaction solution in a yield of about 95% based on

hexamethylenediamine.
This operation was repeated five times.
[0214] <Step (7-2)>
Step (7-2) was implemented using an N-substituted carbamic
20 acid ester thermal decomposition and isocyanate separation unit 1200
shown in Fig. 12.

Hexamethylene diisocyanate was fed to the bottom of a
continuous multistage packed column 1202 packed with a Raschig ring
made of ceramic (Ti atom content: 0.809 mass%, Fe atom content:

25 0.699 mass%, Ni atom content: 0.01 mass%), and a total reflux

operation for the hexamethylene diisocyanate was performed.
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A packed colum 1301 packed with a packing material (Heli 5 Pack No. 3)
was heated to 240C, and the pressure within the packed col um 1301 was
adjusted to about 5 KPa. The reaction solution of Step (10-1) was

i ntroduced into the packed colum 1301 froma |line D1 connected to the
upper side of the packed columm 1301, and was reacted. The reaction
solution was recovered via lines D4 and D5 10 connected to the | owernost
part of the packed colum 1101. The gas phase conmponent was recovered from

a line D2 Cﬁomeq adiin ﬂlh?d&ﬁ%ﬂ?dt{ﬂ?ﬁg?ﬁﬁﬁiusofzémvd%%@d ¢obgmrCclagy and

condensed in a condenser 1302 maintained at about 85C, and the resulting

conponent wag fe/AT preskiRMiad iddBudtdd {heiboe@ct ioRkPa0! uThenrdaegioyer ed
from 15the line D5 was anal yzed by liquid chromat ography and 1H NMR to

fi ndt hat N, Nsohgkangsiovereld darhasicrage daglk (14 06anaSHpnEL-ny Magnayategheny! )

ester was generated in the reaction solution in a yield of about 94% based
on hexanet hylbefr€dirairsiigpli¢d 2 3he H8nefin IdsBNatial Apphraubdiotuiesb@ar bam c

acid ester thermal deconposition and isocyanate separation unit 1400 shown
in FiSg. 14 déskgledirom a lingHeél ratrinectdd tdehé Xppenniide ofRdhet chinh&lrY)
(unit: nB) in a plate colum 1402 (nmade of SUS316) was (X)/(Y) = 41.
[ 0224] The destdiatom sppardton DM ki asd the Sthb-hexanedivivescdrbandd acd25220C
and supplied to a thin filmdistillation apparatus 1401 having an internal
pressure of di(4t(kP3,5 rteramethyibuEy])pherld estedovegy tharmathedetompiodeghase
conponent was extracted fromthe bottomof the thin filmdistillation
appar at us 140Imix{bee reanitaicinat ad isoeyagie sand ree I8slrosy t dempeunds was
distillation_apparatus 1401, while a part of the |iquid phase conponent was
bl own down Pbéanad tyhthieshenpahdpcompostiongasThe liquid phase component
10 was extracted from a line C3 connected to the bottom of the thin film
distillation apparatus 1201, and introduced and circulated through a line
C5 and the line Cl to the upper part of the thin film distillation
apparatus 1201.  The mixture was extracted as the gas phase
component from a line C2.
15 [0216] The mixture extracted as the gas phase component from the thin
film distillation apparatus 1201 through the line C2 was continuously
fed to the middle of the continuous multistage packed column 1202, and
the mixture was separated by distillation. The amount of heat
necessary for distillation separation was supplied by circulating the
20 liquid in the lower part of the column through a reboiler 1204 and a line
C8. The pressure at the top of the column was about 5 kPa. The gas
distilled from the top of the continuous multistage packed column 1202
through a line C6 was condensed in a condenser 1203 to provide the
liquid phase component, which was continuously extracted from a line
25 C7 and supplied to a continuous multistage packed column 1205.

[0217] The liquid phase component extracted from the line C7 was
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5 phase conponent was extracted froma |ine E2 and separated by
distillation in the plate colum 1402. The gas extracted fromthe top of
the plate colum 1402 was condensed in a condenser 1403, and the condensate
was refluxed to the plate colum 1402 and al so extracted froma |ine E7.
The liquid extracted fromthe line E7 was a solution 10contai ning the
hexanmet hyl ene dii socyanate at 99 nass% and the yield based on
hexanet hyl enedi am ne was 88% [0225] [Exanples 11 to 13, Reference Exanple

11, Refer e”@@nﬁﬁﬁﬂﬁéisoﬁé’d té Rt haddRd Bf ae b@nﬁﬂﬁbu@fln&tﬁa%ge(l%a%ke@f

Exanpl e 10 was 15perfornmed except that the ratio of the ( unit: nR) to

the (Y) (unicbiufiB) 12052 alAtibecOiguied pHAL (ComiSodntSUREl Gepurgedhbpged as

shown in Table 2. The yield of the recovered hexanet hyl ene diisocyanate

based on hedaniididrenethewaselividited frote sied tdiedf the tostihwbhomiuigsthabl e 2.
[ Tabl e 2] Exanpl e 11 Exanple 12 Exanple 13 Reference Exanple 11 Reference
packed column 1205 was condensed in a condenser 1206 and
5 continuously extracted to a storage tank 1209. The liquid extracted to
the storage tank 1209 was a solution containing the hexamethylene
diisocyanate at about 99 mass%. The yield based on
hexamethylenediamine was 88%.
[0218] [Reference Example 6]
10 <Step (F-1)>
N,N'-Hexanediyl-dicarbamic acid
di(4-(1,1,3,3-tetramethylbutyl)phenyl) ester was obtained in a yield of
about 95% based on hexamethylenediamine by performing reaction
similar to that in Step (7-1) of Example 7.
15 [0219] <Step (F-2)>
An N-substituted carbamic acid ester thermal decomposition and
isocyanate separation unit 1200 shown in Fig. 12 was used.
A method similar to that of Step (7-2) of Example 7 was
performed, except that a continuous multistage packed column 1202
20 was packed with a Raschig ring made of SUS316 (Fe atom content: 67
mass% or more, Ni atom content: 12 mass%). The liquid recovered in
a storage tank 1209 was a solution containing the hexamethylene
diisocyanate at about 99.8 mass%. The vyield based on
hexamethylenediamine was 5%.
25 [0220] [Example 8, Example 9, Reference Examples 7 to 10]

Thermal decomposition of N,N'-Hexanediyl-dicarbamic acid
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Exanpl e 12 (X)/(Y) 55 68 75 110 208 Yield (% 73% 67% 55% 28% 24%

[ Exanpl e 14]

20[ 0226]

di(4-(1,1,3,3-tetramethylbutyl)phenyl)ester and separation and recovery

of isocyanate were performed in the same manner as in Step (7-2) of

Example 7, except that the Raschig made of ceramic in Step (7-2) of

Example 7 was changed to a packing material (Raschig ring) whose Fe

5 atom content, Ni atom content and Ti atom content are as described in

the following Table 1, respectively.

The yield of the recovered

hexamethylene diisocyanate based on hexamethylenediamine was as

described in the following Table 1.

[Table 1]
Examole 8 | Example 9 Reference | Reference | Reference I]{Eef;rznli ©
p P Example 7 | Example 8 | Example 9 1 Op
Fe atom 4.3 mass% | 8.5 mass% |12.3 mass%] 7.8 mass% | 8.8 mass% | 13.1 mass%
content
N1 atom 3.8 mass% | 7.9 mass% | 8.3 mass% |11.3 mass%| 9.0 mass?% | 11.9 mass%
content
T1 atom 3.3 mass% | 9.1 mass% | 8.3 mass% | 8.9 mass% §11.1 mass%/|12.1 mass%
content
Yield 81% 73% 22% 19% 25% 11%
10 {02211 [Example 10]

<Step (10-1)>

68.0 kg of 4-(a,a-dimethylbenzyl)phenol and 7.0 kg of urea

were supplied to a stirring tank, and the stirring tank was heated to

100°C.

15

supply of hexamethylenediamine was

hexamethylenediamine was supplied at about 0.1 kg/min.

completed,

stirring

After the solution was made homogeneous, 3.3 kg of

After the

was

performed for about two hours, and the reaction solution was analyzed

by liquid chromatography, and the result showed that 1,6-hexanediurea

was generated.

100



A nmethod simlar to that of Step (7-2) of Exanple 7 was perforned, except

t hat pent adecane was supplied froma line Cl10. The liquid phase conponent
was sanpled froma sanpling line at a mddle position between the part
connected with a line C2 and the bottomin a continuous nultistage packed
colum 1202, and was analyzed to find that it contained the pentadecane at
10 mass% Meanwhil e, the gas phase conponent extracted froma line C6
connected to the top of the 5 continuous multistage packed colum 1202 was
condensed ig%gxﬂoaggg§ r0-2803, and the condensate was refluxed to the

cont i nuous I'ti'stag g%ck d colum 1202, while a portion thereof was

extracted from a Kide((g.2)Thes lirflésheniéd At ah N3tk cbase

anal yzed to find th it was a mxture containing the pentadecane at 45

mass% and  A8id dgehErRiR Y @ile 1900shoyana Bigtl 334 mass% The mixture was
further separated by distillation to recover tThe hexanet hyl ene

dii socyanate, andAt heckex sty ¢30]1 dhdckedyaidt @ pacskinpt mace@dali (Haliyi el d of
94% based on hexanet hyl enedi am ne. [0227] Wen the normal boiling point of

pent gdecanePadk)Not BE wiey Hehtedly RODPChandahetprebsirexwithimyhengicked
di i socyanate (Tb) and the normal boiling point of

4-(1,1, 3, 3- teluranel3y] wdsy pdhstal t¢ Bhouses &Paonphhedeadion sbbutsor afwas
satisfied. [0228] [Exanple 15] A nmethod simlar to that of Step (10-3) of
Exanpl e 10 HS&p (KB |pevdsommeaiuceddaps thehpackeeheylimnut 1806¢ ffomoadmeniDit ur e)
was supplied froma line El10. The |iquid phase conponent was sanpled from
a sanpl i ng tomeecaedatmitidl eppasisidomibttevgeckedecplamn coihscted wash a |ine
E2 and the bottomin a plate colum 1402, and was analyzed to find that it
cont ai ned t headtedhzyilhel teactioat solitioas swas kecowened eviat Hoeyd428phdaé
component extracted froma |line E6 connected to the top of the plate col um
14020was condensaddita thedomdwnust peaoal thapacked cohvunshi . wathe gasuxed to
the plate colum 1402, while a portion thereof was_extracted froma |ine
E7. The |i qphasexaomapeeentt mus teeovarad Bpmes lanel PZegonvesteddte Hae it was
a mxture containing the benzyltol uene at 53 nass% and t he hexanet hyl ene

di i socyanat HPRErMest gt et ﬁﬁ@ PERKER eC mulﬁ%ragépa%g%sesb n a
distillation to recover. t he hexanet hyl ene gi i socyanate, ,and the

hexamet hyl efendenssschiRPamaintasneshebabed $5H° G @méme 5¢sUlting FasRpORANT

hexanet hyl enedi am ne. ; . .
y was recovered from a line D3. The reaction solution recovered from

15 the line D5 was analyzed by liquid chromatography and 'H-NMR to
find that N,N'-hexanediyl-dicarbamic acid
di(4-(a,o-dimethylbenzyl)phenyl) ester was generated in the reaction
solution in a yield of about 94% based on hexamethylenediamine.
[0223] <Step (10-3)>

20 An N-substituted carbamic acid ester thermal decomposition and
isocyanate separation unit 1400 shown in Fig. 14 was used.

The ratio of the (X) (unit: m?) to the (Y) (unit: m®) in a plate
column 1402 (made of SUS316) was (X)/(Y) = 41.
[0224] The reaction solution obtained in Step (10-2) was heated to

25 220°C and supplied to a thin film distillation apparatus 1401 having an

internal pressure of 0.1 kPa from a line E1 at about 30 g/min. The
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[ 0229] When the normal boiling point of benzyltoluene (Tc), the nornal
boi i ng poi nt of hexanethyl ene diisocyanate (Th) and the normal 10boili ng
poi nt of 4-(a, a-di net hyl benzyl ) phenol (Ta) were conpared, Th < Tc < Ta was
satisfied. [0230] [Exanple 16] Step (16-1) An N-substituted carbam c acid
ester thermal deconposition and 15i socyanate separation unit 1400 shown in
Fig. 14 was used. n- Dodecane was supplied to the bottomof a plate
colum 1402, and a total reflux operation for n-dodecane was perforned at a

col urm top g%?%ﬁs@fcoggﬁﬁenig %gsaextr%ctggl from the b@ttél'i‘i B the hid! fir! | ation

apparatus 14 heat ts internal pressure was adjusted

to about 2 l4Raill-AAidA %ﬁﬁﬁrﬁt&fli’m\' afeepeRnediatbd Phiod: eél‘i@ﬁﬁ@@ﬂ“t@ﬂ?&t}ﬁn
di (0-(4-(1,1,3,3-tetranethyl butyl ) pheny1)) and phéen (mass ratio 10:1) was

suppl i ed tofiiie dIPRBALISAN hpPdratie 1401 WHﬂ@ Cét' Yart |6ft ith® HGAAT gbhifel401
through a line El at about” 1.0 kg/hr,

25N, N - hexa@@ﬁlpdnelﬁltswhﬁllﬂ@&hbadﬂ\ﬁﬁcﬁdm a lme B4, Meanwhile, the g
di (0-(4-(1,1, 3,3-tetramet hyl butyl ) phenyl)) was thernally deconposed The

l'i quisd phas @ha@erp@nﬁpbn@ﬁs vexd rextiaeted rioone d ilve B2 adnd hephestednbef the
thin filmdistillation apparatus 1401. The m xed gas was extracted froma
line E2. distillation in the plate column 1402. The gas extracted from the top of
the plate column 1402 was condensed in a condenser 1403, and the
condensate was refluxed to the plate column 1402 and also extracted
from a line E7. The liquid extracted from the line E7 was a solution
10 containing the hexamethylene diisocyanate at 99 mass%, and the yield
based on hexamethylenediamine was 88%.
[0225] [Examples 11 to 13, Reference Example 11, Reference Example
12]
A method similar to that of Step (10-3) of Example 10 was
15 performed except that the ratio of the (X) (unit: m?) to the (Y) (unit: m°)
in a plate column 1402 (made of SUS316) was changed as shown in
Table 2. The yield of the recovered hexamethylene diisocyanate based

on hexamethylenediamine was as described in the following Table 2.

[ Table 2]
Reference Reference
Example 11 | Example 12 | Example 13 Example 11 | Example 12
(X)/(Y) 55 68 75 110 208
Yield (%) 73% 67% 55% 28% 24%
20 [0226] [Example 14]

A method similar to that of Step (7-2) of Example 7 was

performed, except that pentadecane was supplied from a line C10. The

liquid phase component was sampled from a sampling line at a middle

102



[0231] The m xed gas extracted fromthe thin filmdistillation apparatus 5
1401 through the line E2 was continuously fed to the mddle of the plate
colum 1402, and at the sane time, n-dodecane was supplied froma |line E10.
The |iquid phase conponent was sanpled froma sanpling line at a mddle
position between the part connected with the line E2 and the bottomin the
pl ate columm 1402, and was analyzed to find that 10it contained the

n- dodecane at 14 mass% [0232] The gas phase conponent distilled fromthe

top of the @ggﬁweé%nl&@gmsc&%e@asam @ﬁeceagaqﬂﬁﬁ{el 8488m ang the

condensate was continuously extracted froma line E7, while a portion

ther eof was chafihtses heltshid batieed SbWimn11OR, Fhe widiahalyostircriad from

the line 15E7 was a m xture containing the n-dodecane and”hexanet hyl ene

di i sot hi ocygat . cdviainud tie pehitadecané Gt PR sRagOIPONdBANWAHeSXhE agised
through lines E8 and E9. The liquid extracted fromthe |ine E9 was

4- (1,1, 3, 3- bhhsarbitpdret Wxtekeab fronthe linkqUb coemiccanl &l the eop tdfethki ne E7

was anal yzed and the result showed that the yield of the
20he¥amet hy cengidiiosot hivdtiyapet giaakedonohhﬂm- Hevaneday | edndertsbdogar hani ¢
acid di (0-phenyl) was 89% sz 3] When the normal boiling point of
hexaret hyl ependenseot h20%y andt thewasndefisatedvas rébluaed tchehaaomindowisl i ng
poi nt of ,1,3,3-tetranethyl butyl)phenol was defined as Ta, the nornal
25boi | i ng paiwltistgeopackatbdelame 1947, séhidel aTportidic thergal Wa2edfra¢tEdanpl e
17] <Step £17-1)? A nethod simlar to that of Step (16-1) of Exanple
16 was per f d iz €ept  Thatliquidi exttracted frasn Nhie Ameabddivgs abakyzetitocar bani ¢
acid di (S-phenyl) and benzenethiol (mass ratio 10:1) was used in place
find that it was a mixture containing the pentadecane at 45 mass% and
10 the hexamethylene diisocyanate at 54 mass%. The mixture was further
separated by distillation to recover the hexamethylene diisocyanate, and
the hexamethylene diisocyanate was obtained in a yield of 94% based
on hexamethylenediamine.
[0227] When the normal boiling point of pentadecane (Tc), the normal
15 boiling point of hexamethylene diisocyanate (Tb) and the normal
boiling point of 4-(1,1,3,3-tetramethylbutyl)phenol (Ta) were compared,
Tb <'fc <Ta was satisfied.
[0228] [Example 15]
A method similar to that of Step (10-3) of Example 10 was
20 performed, except that benzyltoluene (isomer mixture) was supplied
from a line E10. The liquid phase component was sampled from a
sampling line at a middle position between the part connected with a
line E2 and the bottom in a plate column 1402, and was analyzed to find
that it contained the benzyltoluene at 24 mass%. Meanwhile, the gas
25 phase component extracted from a line E6 connected to the top of the

plate column 1402 was condensed in a condenser 1403, and the
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5 of a mxture of N, N -hexanediyl-bis-thi ocarbam c acid di (0-phenyl) and
phenol . [0235] The |iquid phase conponent was sanpled froma sanpling |ine
at a mddle position between the part connected with a line E2 and the
bottomin a plate colum 1402, and was analyzed to find that it 10contai ned
n- dodecane at 15 mass% [0236] The gas phase conponent distilled fromthe
top of the plate colum 1402 was condensed in a condenser 1403, and the
condensate was continuously extracted froma |ine E7, while a portion

thereof waschglbneeRe Was lrReIuRka! & dRb Yt 42fumAne4bd w1 fetied from

the line 15 E7 was a m xture contalning the n-dodecane and benzenet hi ol .

Meanwhi I e, tigebt Mgl eRBERACATRLRE The VBT, e’itl{eaﬁgﬁﬁi eRtautd Fomesthe8 and
E9. The liquid extracted fromthe |line E9 was hexanet hyl ene dii socyanate.

The yi el d ofinehg7hexamahhkizedetsli fis@chandt ewbasednPiure containi%g the
N, N - hexanedi yl - bi s-thi ocarbam c acid di (S phenyl) was 91% 20 [ 0237] When

the nornmal benkyinglupaenit §3 mesdoeimy tiendedhhedeylenatdismyadgiel edoas Tb

and the normal boiling point of benzenethiol was defined as Ta, the

flotiSlla" beidsstg pdhetmictueé wadddebanegesatitad ibyddikallatidn to Féco{d@238]
[ Exanpl e 18] 25<Step (18-1)> A nethod simlar to that of Step (16-1) of

Exanpl e 16 es hepanicthykte dxseptanabat and dbcahexamsthydest idispbaaratef
n-dodecane, and a mxture of N, N -hexanediyl -bis-dithiocarbam c acid
di phenyl ansvdseottemetdhinod yighdod F38bitmsd bn hexametby!énedphmase.of a nmi xture
of N, Nt hexanedi yl - bi s-t hi ocarbam ¢ acid di (0-phenyl) and phenol. 5 [0239]
The |iquid b@u&%%] dhpo tennomms! bapigpoint oftengstplieng (ﬂicg,ethatnca'rmlddl e
posi tion between the part connected with a line E2 and the bottomin a
pl ate col umhollagy, pamd ahshexmngthadened diisatyahate i(tlbjoandi thed nordeddane at
18 mass% [0240] The gas phase conponent distilled fromthe top of the
pl atl® boiling point of 4-(a,a-dimethylbenzyl)phenol (Ta) were compared, Tb
<'Tc < Ta was satisfied.
[0230] [Example 16]
Step (16-1)
An N-substituted carbamic acid ester thermal decomposition and
15 isocyanate separation unit 1400 shown in Fig. 14 was used.
n-Dodecane was supplied to the bottom of a plate column 1402,
and a total reflux operation for n-dodecane was performed at a column
top pressure of about 1 kPa.
A thin film distillation apparatus 1401 was heated to 290°C, and
20 its internal pressure was adjusted to about 2 kPa. A mixture of
N,N'-hexanediyl-bis-thiocarbamic acid
di(0-(4-(1,1,3,3-tetramethylbutyl)phenyl)) and phenol (mass ratio 10:1)
was supplied to the upper part of the thin film distillation apparatus
1401 through a line E1 at about 1.0 kghr, and the
25 N,N'-hexanediyl-bis-thiocarbamic acid

di(O-(4-(1,1,3,3-tetramethylbutyl)phenyl)) was thermally decomposed.

104



10 colum 1402 was condensed in a condenser 1403, and the condensate was
continuously extracted froma line E7, while a portion thereof was refl uxed
to the plate colum 1402. The liquid extracted fromthe line E7 was a

m xture containing the n-decane and benzenethiol. Meanwhile, the liquid
phase conponent was extracted through |ines E8 15and E9. The liquid
extracted fromthe [ine E9 was hexanet hyl ene diisothi ocyanate. The yield of
t he hexanet hyl ene dii sot hi ocyanat e based on

N, N1- h v 1= bi-s-.di [ ] [ ' 0 th

N nexanec i s QFAEAAE 80 L Rheily s Pl 2tk gien (he
dth I iy 4 I .o 20b [ fi h

and L ne,nor B Rolt e i gHOSERRIBH plotes T iatiegTow e

Appl i cabi | i EXterl%ﬂzﬂroff{@li%%@.at ion nethod of the present invention enables
efficient separation of a mxture containing a plurality of conmpounds that

25r eversi bl ZOI_?HCT}W'&B(@%?%&S 8k h8kted HRGHEfR @in mﬁldéﬁﬂﬂ%ﬁbh_fapl%éﬁﬁd of the

present invention is high I ndustrially useful and conmerci a val uabl e.

gg;spﬁﬂgﬁssggpﬁﬁg%ig%{gﬁ%%%%%%2ﬁﬁﬁﬁ%hﬁhh@hb@ﬂ&ﬁﬁ@&h@kﬁﬁﬂﬂa@ﬁ&hé@%ﬂe
column 1402, and at the same time, n-dodecane was supplied from a
line E10. The liquid phase component was sampled from a sampling
line at a middle position between the part connected with the line E2
and the bottom in the plate column 1402, and was analyzed to find that
10 it contained the n-dodecane at 14 mass%.
[0232] The gas phase component distilled from the top of the plate
column 1402 was condensed in a condenser 1403, and the condensate
was continuously extracted from a line E7, while a portion thereof was
refluxed to the plate column 1402. The liquid extracted from the line
15 E7 was a mixture containing the n-dodecane and hexamethylene
diisothiocyanate. = Meanwhile, the liquid phase component was
extracted through lines E8 and E9. The liquid extracted from the line
E9 was 4-(1,1,3,3-tetramethylbutyl)phenol. The liquid extracted from
the line E7 was analyzed and the result showed that the yield of the
20 hexamethylene diisothiocyanate based on
N,N'-hexanediyl-bis-thiocarbamic acid di(O-phenyl) was 89%.
[0233] When the normal boiling point of hexamethylene
diisothiocyanate was defined as Tb and the normal boiling point of
4-(1,1,3,3-tetramethylbutyl)phenol was defined as Ta, the normal
25 boiling point Tc of n-dodecane satisfied Tb < Tc < Ta.
[0234] [Example 17]
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5102,

104: Condenser 103: Reboiler 10, 11, 12, 13, 14, 15, 16, 17,

18: Line

200: Distillation separation unit 201: Continuous nultistage packed col um
10202, 204: Condenser 203: Reboiler 20, 21, 22, 23, 24, 25, 26, 27, 28:
Line 300: Distillation separation unit 301: Thin filmdistillation
apparatus 15302: Continuous nmultistage distillation colum 303: Condenser
304: Reboiler 30, 31, 32, 33, 34, 35, 36: Line 400: Distillation separation
unit 20401: Thin filmdistillation apparatus

10

15

20

25

<Step (17-1)>

A method similar to that of Step (16-1) of Example 16 was
performed, except that a mixture of N,N'-hexanediyl-bis-thiocarbamic
acid di(S-phenyl) and benzenethiol (mass ratio 10:1) was used in place
of a mixture of N,N'-hexanediyl-bis-thiocarbamic acid di{O-phenyl) and
phenol.
[0235] The liquid phase component was sampled from a sampling line
at a middle position between the part connected with a line E2 and the
bottom in a plate column 1402, and was analyzed to find that it
contained n-dodecane at 15 mass%.
[0236] The gas phase component distilled from the top of the plate
column 1402 was condensed in a condenser 1403, and the condensate
was continuously extracted from a line E7, while a portion thereof was
refluxed to the plate column 1402, The liquid extracted from the line
E7 was a mixture containing the n-dodecane and benzenethiol.
Meanwhile, the liquid phase component was extracted through lines E8
and E9. The liquid extracted from the line E9 was hexamethylene
diisocyanate. The yield of the hexamethylene diisocyanate based on
N,N'-hexanediyl-bis-thiocarbamic acid di(S-phenyl) was 91%.
[0237] When the normal boiling point of hexamethylene diisocyanate
was defined as Tb and the normal boiling point of benzenethiol was
defined as Ta, the normal boiling point Tc of n-dodecane satisfied Ta <
Te <Tb.
[0238] [Example 18]
<Step (18-1)>

A method similar to that of Step (16-1) of Example 16 was
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402: Continuous multistage distillation colum 403: Condenser 404:

Reboil er 40, 41, 42, 43, 44, 45, 46: Line 25500: Distillation separation
unit 501: Continuous nmultistage packed col um 502: Condenser 503:

Reboi | er 51, 52, 53, 54, 55: Line 600: Distillation separation unit 5601:
Conti nuous nul ti stage packed colum 602: Condenser 603: Reboiler 61, 62,
63, 64, 65: Line 700: Distillation separation unit 10701. Thin film
distillation apparatus 702: Continuous nultistage distillation colum

performed, except that n-decane was used in place of n-dodecane, and a
mixture of N,N'-hexanediyl-bis-dithiocarbamic acid diphenyl and
benzenethiol (mass ratio 8:1) was used in place of a mixture of
N,N'-hexanediyl-bis-thiocarbamic acid di{O-phenyl) and phenol.

5 [0239] The liquid phase component was sampled from a sampling line
at a middle position between the part connected with a line E2 and the
bottom in a plate column 1402, and was analyzed to find that it
contained n-decane at 18 mass%.

[0240] The gas phase component distilled from the top of the plate
10 column 1402 was condensed in a condenser 1403, and the condensate
was continuously extracted from a line E7, while a portion thereof was
refluxed to the plate column 1402. The liquid extracted from the line
E7 was a mixture containing the n-decane and benzenethiol.
Meanwhile, the liquid phase component was extracted through lines E8
15 and E9. The liquid extracted from the line E9 was hexamethylene
diisothiocyanate. The yield of the hexamethylene diisothiocyanate
based on N,N'-hexanediyl-bis-dithiocarbamic acid diphenyl was 87%,
[0241] When the normal Dboiling point of hexamethylene
diisothiocyanate was defined as Tb and the normal boiling point of
20 benzenethiol was defined as Ta, the normal boiling point Tc of n-decane
satisfied Ta < Tc < Tb.
Industrial Applicability
[0242] The separation method of the present invention enables efficient
separation of a mixture containing a plurality of compounds that
25 reversibly react with each other. Therefore, the separation method of

the present invention is highly industrially useful and commercially
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703: Condenser 704: Reboiler 70, 71, 72, 73, 74, 75. Line 15800:
Distillation separation unit 801. Thin filmdistillation apparatus

802: Continuous nultistage distillation colum 803: Condenser 804:
Reboi | er 2080, 81, 82, 83, 84: Line 900: N-substituted carbam c acid ester
production unit 901, 902, 903, 905: Storage tank 904: Stirring tank 90, 91,
92, 93, 94: Line 251000: N-substituted carbam c acid ester thernmnal
deconposition and i socyanate separation unit

valuable.
Reference Signs List
[0243] 100: Distillation separation unit
101: Continuous multistage packed column
5 102, 104: Condenser
103: Reboiler
10, 11, 12, 13, 14, 15, 16, 17, 18: Line
200: Distillation separation unit
201: Continuous multistage packed column
10 202, 204: Condenser
203: Reboiler
20,21, 22,23, 24,25,26,27,28: Line
300: Distillation separation unit
301: Thin film distillation apparatus
15 302: Continuous multistage distillation column
303: Condenser
304: Reboiler
30,31, 32, 33, 34, 35, 36: Line
400: Distillation separation unit
20 401: Thin film distillation apparatus
402: Continuous multistage distillation column
403: Condenser
404: Reboiler
40, 41,42, 43, 44, 45, 46: Line
25 500: Distillation separation unit

501: Continuous multistage packed column
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1001: Thin filmdistillation apparatus 1002: Continuous nultistage packed
colum 1003: Condenser 1004: Reboiler 5A, A2, A3, A4, A5, A6, A7, A8, A9,
A10: Line 1100: N-substituted carbam c acid ester production unit 1101:
Packed col umm 1102: Condenser 1103: Reboiler 101105: Storage tank Bl, B2,
B3, B4, B5: Line 1200: N-substituted carbam c acid ester thermnal
deconposition and i socyanate separation unit 1201: Thin filmdistillation
apparatus 151202, 1205: Continuous mnultistage packed colum 1203, 1206:
Condenser 12@4; CkidiénsEeboi | er 1209: Storage tank

503: Reboiler
51,52, 53, 54, 35: Line
600: Distillation separation unit
5 601: Continuous multistage packed column

602: Condenser
603: Reboiler
61, 62, 63, 64, 65: Line
700: Distillation separation unit

10 701: Thin film distillation apparatus
702: Continuous multistage distillation column
703: Condenser
704: Reboiler
70,71,72,73,74, 75: Line

15 800: Distillation separation unit
801: Thin film distillation apparatus
802: Continuous multistage distillation column
803: Condenser
804: Reboiler

20 80, 81, 82, 83, 84: Line
900: N-substituted carbamic acid ester production unit
501, 902, 903, 905: Storage tank
904: Stirring tank
90, 91, 92, 93, 94: Line

25 1000: N-substituted carbamic acid ester thermal decomposition and

isocyanate separation unit
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a, c, ¢, ¢4, ¢, o, C7, C8, 9, cC10, C11, C12, C13, Cl4: Line 201300:
N-substituted carbam c acid ester production unit 1301: Packed colum 1302:
Condenser 1303: Reboiler D1, D2, D3, D4, D5: Line 251400: N substituted
carbam c acid ester thernmal deconposition and i socyanate separation unit
1401. Thin filmdistillation apparatus 1402: Plate colum 1403: Condenser
1404: Reboiler 5EI, E2, E3, E4, E5, E6, E7, E8, E9, E10: Line CLAIM

1001: Thin film distillation apparatus
1002: Continuous multistage packed column
1003: Condenser
1004: Reboiler
5 Al, A2, A3, A4, A5, A6, A7, A8, A9, A10: Line
1100: N-substituted carbamic acid ester production unit
1101: Packed column
1102: Condenser
1103: Reboiler
10 ‘1105:SKnagetank
Bi, B2, B3, B4, BS: Line
1200: N-substituted carbamic acid ester thermal decomposition and
isocyanate separation unit
1201: Thin film distillation apparatus
15 1202, 1205: Continuous multistage packed column
1203, 1206: Condenser
1204, 1207: Reboiler
1209: Storage tank
Cl1, C2, C3, C4, C5, C6, C7, C8, C9, C10, C11, C12,C13, Cl4: Line
20 1300: N-substituted carbamic acid ester production unit
1301: Packed column
1302: Condenser
1303: Reboiler
D1, D2, D3, D4, D5: Line
25 1400: N-substituted carbamic acid ester thermal decomposition and

isocyanate separation unit
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[Claim 1] A separation nethod of separating (A) and (B), conprising: 5a step
of separating at |east either an active hydrogen-containing conpound (A) or
a conmpound (B) that reversibly reacts with (A) froma m xture containing
(A) and (B) by distillation in a nmultistage distillation colum; and

a step of supplying the mxture to an inactive region fornmed 10w thin the
mul tistage distillation colum. [C aim 2] The separation nmethod according to
claim1l1, wherein (A is a conpound having a hydrogen atom bonded to a

het er oat om qag@ Tl P Gem @ggﬁmmbﬁtl ?pgfa?dlg'he separation nethod according to
claiml1 or 2, 15 wherein conpound havi ng at | east one group

sel ected erﬂUthIegéQ@p_uﬁﬁnSI stl ng of a group represented by the foll ow ng
formula (1), a group represented by the following formula (2), a group

repr esent ed 14p3t benklehé@w ng formula (3) and a group represented by the
following formula (4): 20[ Chemical Fornmula 1] NH2( 1 ) [Chem cal Fornmula 2]

-X1IH( 2 ) [ CHhéedi RaboHer nul a 3]
5 El, E2, E3, E4, ES, E6, E7, E8, E9, E10: Line
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X2 Hi 25( 3 ) [Chemical Formula 4] X4 11 NNCNH2( 4 ) [wherein X1, X2,
X3 and X4 each independently represent an oxygen atomor a sulfur atom and
R represents an organic group]. 5[ C aim 4] The separation nmethod accordi ng
to any one of clainms 1 to 3, wherein (B) is a conpound having a carbonyl
group. [C aim5]The separation nmethod according to any one of clainms 1 to
4, wherein (B) is a conmpound having at |east one group selected fromthe
group consisting of a group represented by the followi ng fornmula 10(5), a
group represented by the follow ng {graghgs(6), a group represented by the
following formula (7) and a group represented by the

[Claim 1] A separation method of separating (A) and (B),
comprising;

5 a step of separating at least either an active hydrogen-containing
compound (A) or a compound (B) that reversibly reacts with (A) from a
mixture containing (A) and (B) by distillation in a multistage distillation
column; and

a step of supplying the mixture to an inactive region formed

10 within the multistage distillation column.

[Claim 2] The separation method according to claim 1, wherein

(A) is a compound having a hydrogen atom bonded to a heteroatom or a

halogen atom.

[Claim 3] The separation method according to claim 1 or 2,
15 wherein (A) is a compound having at least one group selected from the

group consisting of a group represented by the following formula (1), a

group represented by the following formula (2), a group represented by

the following formula (3) and a group represented by the following

formula (4):
20 [Chemical Formula 1]

—NH ()

[Chemical Formula 2]

—XH  (2)

[Chemical Formula 3]

i X

N W P S VI 1
s N—C—X*R ),
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atomor a sulfur atom R and R2 each independently represent an organic
group having 1 to 30 carbon atons, and R' represents an organic group].

[ Cl ai m 6] The separation nethod according to any one of clains 1 to 5,
wherein 5the nultistage distillation colum is a plate col umm, and

the inactive region is a region in which a surface contacting with the

m xture is formed of a material inactive to a reaction between (A and (B).
[Claim7] The separation nethod according to any one of clains 1 10to 5,

wher ei n theégﬁgh{igglap&rgh@tjrl | ation colum is a packed colum, and
the inactive region 1s a regk on in which a surface contacting with the

mxture is packed)qﬁth a packing material fornmed by a material inactive to
a reaction betifer (A) and (B). 15[ C aim 8] The separati on nmet hod according
to claimé6 or—RN—rerRih t he i(né?gtive material is a material in which an Fe
atomcontent, a NN atomcontent "and a Ti atomcontent are each 10 nmass% or

less. [d ai [wkFia XépaatXbandeXioghoic indapiondehtlyaryprenat ofn ohaigen 1
atom or a sulfur atom, and R' represents an organic group].
5 [Claim 4] The separation method according to any one of claims 1

to 3, wherein (B) is a compound having a carbonyl group.
[Claim 5] The separation method according to any one of claims 1
to 4, wherein (B) is a compound having at least one group selected from
the group consisting of a group represented by the following formula

10 (5), a group represented by the following formula (6), a group
represented by the following formula (7) and a group represented by the
following formula (8):

[Chemical Formula 5]
1
4ol
.........N._...C_YZ_RH (5)

15 [Chemical Formula 6]
Y3
H |
[Chemical Formula 7]

O
2 I 1
R“O—C—O0OR (7))
[Chemical Formula §]
20 _N;C:YA' ( 8)
[wherein Y', Y?, Y° and Y* each independently represent an oxygen

atom or a sulfur atom, R' and R* each independently represent an
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to 8, wherein 20(X) an area of an inner surface of the nultistage
distillation colum contacting with the m xture (unit: nR) and (Y) a vol une
of the mxture (unit: nmB) satisfy (X)/(Y) .__ 100. [C aim10] The separation
met hod according to any one of clains 1 25to0 9, wherein the step of
distillation separation is performed in the presence of a conpound (C) that
has a nornmal boiling point between a ( 9 ) [wherein R3 represents an
organic group having 1 to 44 carbon atoms, X5 represents an oxygen atom or

a sul fur atgpsarfed ﬁ)d Qfa%%%tﬁ @”3@%5‘%%&55 Al R r&;\%ﬂ c@bms13hThe

separation ne hod rding To any one of claims 1 to 10 erein (B) is a

conmpound repf B gu the following fornmula (10): [Chem cal Fornula 10]
R4- (- N=C=Y5 EEA0 ﬂ/

[Claim 6] The separation method according to any one of claims 1
to 5, wherein
5 the multistage distillation column is a plate column, and
the inactive region is a region in which a surface contacting with
the mixture is formed of a material inactive to a reaction between (A)
and (B).
[Claim 7] The separation method according to any one of claims 1
10 to 5, wherein
the multistage distillation column is a packed column, and
the inactive region is a region in which a surface contacting with
the mixture is packed with a packing material formed by a material
inactive to a reaction between (A) and (B).
15 [Claim §] The separation method according to claim 6 or 7,
wherein the inactive material is a material in which an Fe atom content,
a Ni atom content and a Ti atom content are each 10 mass% or less.
[Claim 9] The separation method according to any one of claims 1
to 8, wherein
20 (X) an area of an inner surface of the multistage distillation
column contacting with the mixture (unit: m”) and
(Y) a volume of the mixture (unit: m’)
satisty (X)/(Y) < 100.
[Claim 10] The separation method according to any one of claims |
25 to 9, wherein the step of distillation separation is performed in the

presence of a compound (C) that has a normal boiling point between a
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15b( 1 0 ) [wherein R4 represents an organic group having 1 to 80 carbon
atons, Y5 represents an oxygen atomor a sulfur atom and b represents an
integer of 1 to 10].

normal boiling point of (A) and a normal boiling point of (B) and is

chemically inactive to (A) and (B).

[Claim 11] The separation method according to any one of claims 1

to 10, wherein (A) is a compound represented by the following formula
5 (9):

[Chemical Formula 9]

REX5-H) .

[wherein R represents an organic group having 1 to 44 carbon atoms,
X° represents an oxygen atom or a sulfur atom, and a represents an
10 integer of 1 to 6].
[Claim 12]  The separation method according to any one of claims 1
to 11, wherein (B) is a compound represented by the following formula
(10):
|Chemical Formula 10]
R-IN=C=Y®) |

15 (10)
[wherein R* represents an organic group having 1 to 80 carbon atoms,
Y® represents an oxygen atom or a sulfur atom, and b represents an

integer of 1 to 10].
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