SPECI FI CATI ON PROCESS FOR PRODUCI NG | SOCYANATES AND AROVATI C HYDROXY
COVPOUNDS [0001] Technical Field The present invention relates to a
process for producing isocyanate conmpounds and aronatic hydroxy conpounds,
whi ch are useful for raw materials for aromatic pol ycarbonate. [0002]
Background Art Plastics are used as product materials in all fields of
daily life, and the anount of pﬁﬁﬁ'“ﬂcﬁ§gy“is I ncreasi ng each year
Acconpanying this increase, the amount of discarded plastics is also
extrenely large, thus resulting in the treatnment of plastics beconmng a
significant social issue. [0003] At present, the magjority of plastic
products aPRGCEBS/FORSPRODIUCINGYSIDE YANATES ANDAROMATIQUHYBIR@XY| ow ng
conpl etion of their use. However, when waste plastic having high heat of
conbustion in ternms of calories i goMpPerg¢dsof by incinerating in an
ordinary refuse incinerator, abnormal conbustion occurs resulting in the
probl e ogﬁ]danage to the incinerator furnace. In addition, not only does
this ner® of disposal result in wasted resources, but it al so causes

enviro crp’b?é Ereg lens in ternms of environnmental contam nation and
di scha?ge‘e? aé %90 di oxi de gas. Thus, it 1is extrenely inportant to

Socl oty as EPProRIAYCREREIRES [ RIOPRES ot PEPRLGRS RocyRagts ednPRiGRie
mater az!lnc; %?grglaitig %ydircr)]xym@io&gounds. which are useful for raw materials for aromatic
polycarbonate.
[0002]
Background Art

Plastics are used as product materials in all fields of daily life, and the amount
of plastics used is increasing each year. Accompanying this increase, the amount of
discarded plastics is also extremely large, thus resulting in the treatment of plastics
becoming a significant social issue.

[0003]

At present, the majority of plastic products are simply disposed of by being
incinerated or buried following completion of their use. However, when waste plastic
having high heat of combustion in terms of calories is disposed of by incinerating in
an ordinary refuse incinerator, abnormal combustion occurs resulting in the problem
of damage to the incinerator furnace. In addition, not only does this manner of
disposal result in wasted resources, but it also causes environmental problems in
terms of environmental contamination and discharge of carbon dioxide gas. Thus, it
is extremely important to recycle waste plastics from the viewpoint of the formation of

a recycling society as well.

[0004]



waste plastics are reused as is, chemcal recycling, in which waste
pl astics are chemcally degraded foll owed by recovery of nononers and
ot her useful chemcal raw materials, and thermal recycling, in which
thermal energy is recovered from waste plastics. Anong these, since

material recycling is acconpani ed by heat treatnent aqf the ste plastics,
t he heat trbéth@q’ﬁ usgd o FefYSIQ Maske Plasticscin %Gﬂﬂer‘?hée%’?ﬁﬁg'cm Whic

properties and physical properties of the waste plastics, and frequently
resul t swastep plastiossareutgused astisr ichemicalnresyclingaix which yagte LlasiasoAft i on
under a |oad or high tenperatures, tensile strength, bending strength,

f1 ui di t ghemitally degraded felidwest by recadvelyt obmonomersuard otharnuseful chemioal

of fers the advantage of being able to inhibit the anount of fossil fuels

used asrgiy 'istdrialdfai tRéimatetacysling,i i Whidhh ehermal emeryyyis teveveret droat so
nuner ous probl ens such as danmage to the incinerator furnace, discharge of

carbon Heil pfad Ogggﬁméﬁg tRESE SMckMRIAEMAL raByeiny 95 Radnisdnied by Meat as

describ romati c pol ycarbonaté resins constitute a typical

rochani HaRAMMETE 08 ARtk Mo U Bl el KRR, RGNS ciBe! bh JotT

el do, TPFrOTGah BaPAIBT AHJISKaL EpoRrtoR e g MErede PIieS L afff feEently
Ot her S N GEbIorR FHGN asnAetepBratiog Heraraciresiance; detorigr, deddia
materials and other construction fields. [0006] Various nethods haye been
pr oposetbachos high tesnperabiiresaltensileesiyrengiy %Wiﬁreﬂﬁhyé|5%nﬁﬂgs9t¥\%007]
2 According to Non-pat ent docurment 1, al though afPr ocess is descroifbggnf or
properties. In addition, although thermal recycling offers the advantage g
able to inhibit the amount of fossil fuels used as a result of effectively utilizing thermal
energy, there are also numerous problems such as damage to the incinerator furnace,
discharge of carbon dioxide gas and the need to implement measures against dioxins
as described above.
[0005]

Aromatic polycarbonate resins constitute a typical engineering plastic having
superior transparency, optical properties and mechanical properties, and are
extremely high added value materials used in a wide range of applications such as
CDs, DVDs and other optical fields, various home appliances, cameras, cell phones,
OA equipment, medical equipment, automobiles and other industrial fields, sports and
other recreational fields, and roofing materials, alternative glass materials and other
construction fields.
[0008]

Various methods have been proposed thus far for chemically recycling aromatic

polycarbonates.

[0007]



obt ai ni ng bi sphenol A by chem cally deconposi ng pol ycarbonate resin with
ammoni a water, deconposition of the polycarbonate resin requires a |ong
period of tinme, thereby resulting in the problem of being unsuitable for
| ar ge- vol unme processing of waste plastics. [0008] In addition, Patent
docunent | discloses a process for recovering bisphenol A by deconé) Si ng

pol ycar bonafeceiging teyNaadatentadreungnick: caithioiigha @ Brerasscis SsseabRd ifAr ¢ he

formof alum numchloride to a polycarbonate resin. However, there are
many cacktaining wisphienohAtycehierdisalydecomposings pelyicarpongtearassnwith anmaenias a
| ong period of time with this process as well. [0009] Exanples of

pr oces swatdro degsbmpositiongof ke t polpcarbanatec desin xbzryres oa dongoperiad fntime,

resins in this manner nmay include a process for recovering useful

mat er i ajhardiyd RSUMIRE i HRS brélsleMRyf BEINRCLNAANS Abrelarsvolunts processiig of

conmponent t'hereof disclosed in Patent docunent 2 which conprises a step of

chem Ca\{végeHEQﬁngDOSi ng a pol ycarbonate resin in a solution containing
waste p astti and a deconposition agent in the formof a prinmary am ne,

and a SlfO%B ﬁf recovering the deconposition product in the formof a useful
mat eri al”. P this process, the polycarbonate resinis reacted with an

excess of prinmgry ann lvalent, to six or nore tines the nunber af
nol es of ca["bgagimag‘: ﬁ%ﬁgfﬂcuﬁ? p‘gd(@gﬁ{sgp&lpéq@@sfftp[)ﬁnggnng%ln@a?rﬁ A
wei ght of the repetitive units of the pol ycarbonate resin, fo]l owed b
r ecover By slecesasingrialycarbenatg: Fesin b2 AMWopia watau@and N RATYE m of
bi sphenol A and urea derivatives. In addition, according to Non-patent
docunensolgenti in the formsef aletinumachlprideierepolycarenate resin. However, there
1, 3-di met hyl - 2-i mi dazol i dinone (DM ) are obtained by deconposing
pol ycar aenptamycases\Nim\whichreheglical, deatineposition ofilke phlycagbohatecrequirescdvery
products, although bi sphenol A can be easily inmagined to be used as a raw
fong period of time with this process as well.
[0009]

Examples of processes for shortening the time required to decompose
polycarbonate resins in this manner may include a process for recovering useful
materials from waste plastics having polycarbonate resin for the main component
thereof disclosed in Patent document 2 which comprises a step of chemically
decomposing a polycarbonate resin in a solution containing waste plastic and a
decomposition agent in the form of a primary amine, and a step of recovering the
decomposition product in the form of a useful material. In this process, the
polycarbonate resin is reacted with an excess of primary amine equivalent to six or
more times the number of moles of carbonic acid ester groups as calculated from the
molecular weight of the repetitive units of the polycarbonate resin, foliowed by
recovery of useful materials such as the degradation product in the form of bisphenol
A and urea derivatives. In addition, according to Non-patent document 2, it is

described that bisphenol A and 1,3-dimethyl-2-imidazolidinone (DMI) are obtained by

decomposing polycarbonate with N,N'-dimethyl-1,2-diaminoethane. Among these
3



material for the production of polycarbonate resin, there are no
descriptions regarding the use of urea derivatives or DM, and the
useful ness thereof is unclear. [0010] |In addition, according to Patent
docunent 3, for exanple, a process is disclosed for obtaining bisphenols

and di ary) carbonate by cleaving polycarbonate,  resi.n arryi out a
t r ans eseepVeNydRroduats; ééb@lﬂ% bﬁ@%ﬁ@@ E@W‘?,%P%%Wéag'%gﬁo i’ﬁo"g‘%ﬂgﬂ 8" the
presence of a catalyst. It is described to the effect that nononers .

obt ai nematerial fortheprodsationeof polycarbonatevesin, thererargunedessriptipns fegarding . | n
addition, in Patent dpcunent 4, for exanple, a process for recovering

usef ul tate 6f wealderivatioes or DMIsand therasefuinessitheresd imingleaycar bonate i s
di scl osed whereby deconposition products are recovered in the form of

usef ul EﬁﬁgLials by chem cally deconposing pol ycarbonate resin in a
sol ution containing an organic solvent that causes polycarbonate resin to

di ssol ve orysvgditior! aEtorite/ t8TPaferftN doBumBHE "3 2ksr0eRhmplé,n ! Iprécalsodess,

exanpl es of 'recovereéd use materitals are |isted as being bisphenol A and
carboni ¢ acid ter. .Since. f r | vahHnafe
cat al ysﬁ'sfg'ﬁsﬂﬂ?@H&&%@“Fﬁesﬁﬁﬁ%‘a@b%ﬁ@?‘zf’ﬁg°§ i ran%eﬂf g’rélb? F@a??gﬁh reaction,
there are. many cases in which. tk rocedure beco ;
Fequi r IRSTIBNAOMY Ot Bt arsrstermicatipAdSEiah SERveR Fycaiaale HesinTng
purification of the deconposition products. [00 As _an. ex |.e of
pr ocessphenolriagilier presence AfA y-‘@ia,lyﬂon?tpﬁt @ﬁ?crh?%ﬁﬂe the i?ffaeﬁ‘ @@qgg)ggoglerg
process for produci ng bi sphenol A by hydrol yzi ng pol ycar bonat e  under
super cr obiaired bynthis | prosess wgasr bei recntidengad ofes Predusas peitmen PlagiGeoudn
conditions). Although there is no description regarding yield and the
r eact i ogdditibn CincPatent dparnentd der exasipie, edpioces$ for recoverning ysefuhmeterials
reaction is carried out under high 4 tenperature and hi gh pressure
condi ti gBf WalteOPlastics hitanlg tbmpoeedi lof | polycarbonbte is disclosed whereby
decomposition products are recovered in the form of useful materials by chemically
decomposing polycarbonate resin in a solution containing an organic solvent that
causes polycarbonate resin to dissolve or swell, a tertiary amine and a lower alcohol.
In this process, examples of recovered useful materials are listed as being bisphenol
A and carbonic acid ester. Since each of these processes requires an alkaline
catalyst to decompose the polycarbonate by a transesterification reaction, there are
many cases in which the procedure becomes complex, such as requiring deactivation
of the alkaline catalyst during separation and purification of the decomposition
products.
[0011]
As an example of a process not requiring a catalyst, Non-patent document 3
discloses a process for producing bisphenol A by hydrolyzing polycarbonate under
supercritical conditions (supercritical aqueous or subcritical aqueous conditions).

Although there is no description regarding yield and the reaction efficiency is not

clearly stated in this document, since the reaction is carried out under high
4



concurrent occurrence of thermal deconposition of the bisphenol A under
such conditions, but also due to the extrenely strong acidity of the water
itself under supercritical aqueous conditions along with the high
tenperature in excess of 3000C and high pressure in excess of 200 atm the
apparatus and equi pnent becone excessively conpl ex, thereby making, it

di f fi culemperatier gng high HEessweccanditionnneaenly. is these therp wﬂ*larogﬁrﬁ%t 5
di scl oses a process for recovering aronmatic bi sphenol and carbonic acid
ester foomaurent OGCATENTeg pbltpeunalodacempbswbnedfp tiye rhisphenpl afdunder sueht i on
from di sk-shaped optical recording nedia with an aliphatic al cohol having 1
to 6 cachnditiotsnsul alse dubcoi thec aktromety stnongi acidity oft theewater it$els updecess,
in addition to the reaction vessel being |arge since an excess of

al i phat §gpercRfdl aquious LdnaRRAE #1Bng With 1) MGRTtBADPRYSturs inTekedsd 6f sheCase
of the process described in Non-patént docurrent 3, since the reaction

vessel biafight fédsi® i ebess %208 difpaheCagaralis B 8GliRfhoht hilome

t enperature hi gh pressure state, rge reactors In typical

cconomyeRoasiyRl EafBi Meet maliBEfiRuR iy o EiEipRLefS BefoRiin, o\,
for exa@aﬁ] a bisphenol A unit and a carbonyl unit are alternately

arrange a polynmer chain, the chenical recycling processes disclosed
thus far disclose technol ogies that o&lég/ tteggt to effectively recycle
¥

one of thesEatgntidogument h dincinfessa pr 0y racevanng @@mﬁt@ceiﬁﬁ‘e? n
bi sphenol A. However, there have been no successful exanples of chemcally
recycl i @rbiobith agid testem formeed dmreactinig qelycasbenatgoabipned by mnejting earer y
yi el d. Thus, although there has been a strong desire for the devel opnent of
a pr ocefitratibnfrarhalisicshaped epticali regotirsg eneatiawith an @liphatic atoohioé haviagnk, an
effective process 5 has yet to be found.
to 6 carbon atoms in a subcritical or supercritical state. In this process, in addition to
the reaction vessel being large since an excess of aliphatic alcoho! is used based on
the polycarbonate, similar to the case of the process described in Non-patent
document 3, since the reaction vessel is required to be of a design capable of
withstanding a high temperature and high pressure state, the large reactors used in
typical commercial plants encounter difficulties both in terms of design and economy.
[0013]

Although polycarbonates have a typical structure in which, for example, a
bisphencl A unit and a carbonyl unit are alternately arranged in a polymer chain, the
chemical recycling processes disclosed thus far disclose technologies that only
attempt to effectively recycle one of these units or technologies that only attempt to
recover the bisphenol A. However, there have been no successful examples of
chemically recycling both units in the form of effective compounds at a high recovery
yield.

Thus, although there has been a strong desire for the development of a process

for chemically recycling waste aromatic polycarbonate resins, an effective process
5



[ 0014] As previously described, polycarbonate resins are fornmed from for
exanpl e, bisphenol A and carbonyl units. The recovery of this carbonyl
unit in the formof an industrially effective conpound is an inportant

i ssue for chemi cal recycling of polycarbonate resins. Exanples of

I ndustrially effective conpounds having a carbonyl group may include

car boni bagyettoke fqundand i socyanates. Isocyanates are wdely used as
production raw materials of polyurethane foam paints and adhesives. The
nost cof@@dd]y used process for industrial production of isocyanates
consists of reacting an am ne conpound with phosgene (phosgene nethod),

and nearly {geprevidushe desoritéd, ofolycarbpnate esips aie dormed rfargh ot exarapleor | d
are produced according to the phosgene nethod. However, the phosgene

met hod BRBhBHEEAQHY GdrBBheINnits. [ Ofhkdlecbivest dithid babomyt tnitlin tforasof e use
of a large anount of phosgene as raw material. Phosgene is extrenely toxic

and T CAARRiANC BIBLHRA Mgl 364 | iRfporiit BEGY R ErafiRal Q'eéfrclb%@fers

t her eof ( sO requires “special apparatuses to detoxify waste. 016]
amount s Palyeaftifiall ksl of BRIk o RESRuTalh ] MRS (OARGREs Moidd ol
Chi or 1 nEaftOnYbATHEERY T1FIAR S COR A Ssiie G- hovRles: g valAIBy Hr ©
Pol yur IR ISP ASCRIOCK RO G FSHICEAIS B, RRYUTBY YR 08 SIS ATELATESIVES  he
phosgene nethod. [0017] On the basis of this background, a process for
pr oduci Theirsosicomamenhhasedpecess fgbilrgnstr'tahafodmi@nmftismna%%wﬁstseie
exanpl e of a nethod for producing
reacting an amine compound with phosgene (phosgene method), and nearly the
entire amount of isocyanates produced throughout the world are produced according
to the phosgene method. However, the phosgene method has numerous problems.
{0015]

Firstly, this method requires the use of a large amount of phosgene as raw
material. Phosgene is extremely toxic and requires special handling precautions to
prevent exposure of handlers thereof, and also requires special apparatuses to
detoxify waste.

[0016]

Secondly, since highly corrosive hydrogen chloride is produced in large
amounts as a by-product of the phosgene method, in addition to requiring a process
for detoxifying the hydrogen chloride, in many cases hydrolytic chlorine is contained
in the isocyanates produced, which may have a detrimental effect on the weather
resistance and heat resistance of polyurethane products in the case of using
isocyanates produced using the phosgene method.

[0017]

On the basis of this background, a process for producing isocyanates has been
6



| socyanat e conpounds w t hout using phosgene that has been proposed invol ves
t hermal deconposition of carbam c acid esters. |Isocyanates and hydroxy
conpounds have | ong been known to be obtained by thermal deconposition of
carbam c acid esters (see, for exanple, Non-patent document 4). The basic
reaction is illustrated by the follow ng fornul a: L0018] R(NHCOOR )a 3

R( NCO) ought ghajidoes npbhose] phosgens. n Pnecexample: §F #h noethad forr BRdYGINg
having a val ence of a, R represents a nonoval ent organic residue, and a

r epr esdsocyamate mompounds withoutwisiilg phosgene thato hgs dearprepessd invoivass
aryl carbamates, in which the ester group is an aromatic group, offer the

advant apermél addcomprgsitidre oft tarbgnmié  acidovestetsenpelsetyamatésr andhdytdmonal
deconposition reaction as conpared with al kyl carbamates in which the

ester gid?hﬁbdrﬁdsahaaéklbhggb@éml&m t6 Bie VHIALE. by'ahefthald aessmpbsitibn 60021]
Vari ous processes have been disclosed thus far as processes for producing

aryl  caphampt c{/ :Dé’ét&%t (Q@é“?&nteéégg?ée,cr'&ﬁﬁafehf d&gﬁgﬂ'ﬁtnﬁ).o‘c e basic

corresponding a aryl* nonocar at ayle to"95% by reacting
an al kyl N ek V] . te in the presence of a sol vent
such as’eegﬁ@@%@"‘%@%@ “3& f@é‘idﬂfiﬁ%{}@{‘ﬁgachl oride. In addition, Patent
documelrlb ? ]oroposes a process for continuously producing nethyl carbamc
acid p Hy? ester from nmet hyl am ne and di phenyl carbonate. 7 [0022]
However, each of these processes produces al kyl aryl carbamate using a

| ower al kyl nonoam ne for the am ne, and do not constitute a process for

produci ng an
R(NHCOOR'); —> R{NCO); + a R'OH (1)

[0019]

(wherein R represents an organic residue having a valence of a, R' represents a
monovalent organic residue, and a represents an integer of 1 or rribre).

{0020]

Among carbamic acid esters, aryl carbamates, in which the ester group is an
aromatic group, offer the advantage of allowing the setting of a lower temperature for
the thermal decomposition reaction as compared with alkyl carbamates in which the
ester group is an alkyl group (see, for example, Patent document 6).

[0021]

Various processes have been disclosed thus far as processes for producing aryl
carbamates. Patent document 7 describes the obtaining of a corresponding alkyl
aryl monocarbamate at a yield of 90 to 95% by reacting an alkyl monoamine and a
diaryl carbonate in the presence of a solvent such as benzene, dioxane or carbon
tetrachloride. In addition, Patent document 8 proposes a process for continuously
producing methyl carbamic acid phenyl ester from methylamine and diphenyl

carbonate.



al kyl aryl polycarbamate. In the case of producing a correspondi ng al kyl

pol ycarbam c acid aryl ester froman al kyl polyam ne such as al kyl diam ne
or alkyl triamne, there are difficult problens that are conpletely
different fromthose in the case of using an al kyl nonoamne. This is
because, although only urea conpounds are produced as by-products due to
si de rel@322]ns represented by fornula (3) and/or formula (4) in addition
to the reaction represented by formula (2) in the case of an al kyl

nonoam ne, iHowénerceaeh of theseaprogesses produces aliyh and carlkgmats usinga lewed| ky|
triamne, an extrenely |arge nunber of types of urea conpounds are produced

as by- Iall?dlliﬁéﬁoarﬁmhfcﬁsthbm‘nmmnmda nefpconstithieda protessrivrapfdducingl aor
formula (6) and/or formula (7). [0023] I'" O R NH2 + Ar.OXO Ar R NHCOQAr

+ Ar OH + I Asdgha ﬁ| Hhl 0
R Nlr-|2 +%l 2 Pbly%%d_ﬁ"a{?ﬁ R'Iﬁitrkésaé-? S4FR of ﬂ]ﬁ.’dﬁ?-llgﬂl é‘ NH- Cg-ii ﬁadR' NHKZﬁ)

(5) 0 Rohtatdamidbbif arlfbsteom dﬂ"'él@y%lyéﬂnﬁ@)sucﬁ as alkyi diamine or alkyl

triamine, there are difficult problems that are completely different from those in the
case of using an alkyl monoamine. This is because, although only urea compounds
are produced as by-products due to side reactions represented by formula (3) and/or
formula (4) in addition to the reaction represented by formula (2) in the case of an
alkyl monoamine, in the case of an alkyl polyamine such as alkyl diamine or alkyl
triamine, an extremely large number of types of urea compounds are produced as
by-products, such as the compounds represented by formula (5) and/or formula (6)

and/or formula (7).

[0023]
0
RNH; + Al Ar ——= RNHCOOAr + ArOH @)
o) 0
2 ’RNH, + Aol ar — = RO AR + 2a0H
0”0 NN 3)

O

R'NHz + R'NHCOOQOAr —» RP\HJLH-R' + ArOH @

)

1]
H2N—€R'—NH-C—NH)—R'-—NH2
P (5)

Q o
HZN‘GRI_NH_’C“NH}'R'-NH-E—OAr
q (6)



OOIl Il 0O AAOCCGHN R-NHCGNHR-NHCOAr r (7)) (0024] (wherein R
represents a nonoval ent al kyl group or aronmatic group, Ar represents a
nonoval ent aromatic group, and p, g and r respectively represent an integer
of 1 or nore.) [0025] Nanely, there are the problens of these various
urea conpound side reactiona causing a decrease in the yield of the target

conpound in theiufornfof thejal kyl aryl ﬁaol ycarbamate, as well as the
extreme di f AYTlr{N; nRs_e'IH'éT§t'NH§—£1¢NHnG+9Ang the target product froma

m xture of these urea conpounds/&nd pol yurea conpounds. [0026] Al {MHough
Pat ent docunent 9 describes a process for synthesizing an aromatic

uret hane by reacting an aromatic amne and a diaryl carbonate in the
presence of a Lewis acid catalyst at a tenperature of 140 to 230C, in this
processiggp4pel |, the use of a Lewis acid results in the problem of
corrosion of the apparatus as well as difficulty in separating and

recover j 3 r t ] e for
br oduci ettt FPgtésbnts @ ddovalit-Alky LR arpheio oAy foffeRBRtSa
equi val [ | g a ase, ' ' f
eyt o BtrRvRlest flmhagE HOGP SHi Be S b rgoatv el PRafnt M fidak 60 o
sol vent, an% carrying out the reaction in the state of a substantially
honogen88€-/sol uti on when producing al kyl pol ycarbanmic acid aryl ester by
reactinﬂ) al kyl pol yam ne and di aryl carbonate. According to this patent
document00Z3]lkyl pol ycarbanic acid aryl ester is obtained with high

selectivity and at a high yield of ) ) .
Namely, there are the problems of these various urea compound side reactions

causing a decrease in the yield of the target compound in the form of the alkyl aryl
polycarbamate, as well as the extreme difficulty in separating and purifying the target
product from a mixture of these urea compounds and polyurea compounds.

[0026]

Although Patent document 9 describes a process for synthesizing an aromatic
urethane by reacting an aromatic amine and a diaryl carbonate in the presence of a
Lewis acid catalyst at a temperature of 140 to 230°C, in this process as well, the use
of a Lewis acid results in the problem of corrosion of the apparatus as well as
difficulty in separating and recovering the product.

[0027]

Patent document 10 discloses a process for producing alkyl aryl polycarbamate
comprising the use of 1 to 3 equivalents of diaryl carbonate based on 1 equivalent of
amino group of alkyl polyamine, using an aromatic hydroxy compound for the
reaction solvent, and carrying out the reaction in the state of a substantially
homogeneous solution when producing alkyl polycarbamic acid aryl ester by reacting
alkyl polyamine and diaryl carbonate. According to this patent document, alkyl

polycarbamic acid aryl ester is obtained with high selectivity and at a high yield of
9



9 normally 96% or nore and 98% or nore in preferable enbodi nents thereof.
However, since the formation of urea conpounds has been confirnmed, although
in very small anmounts, this process is unable to conpletely avoid the
formati on of urea conpounds. [0028] On the other hand, thernal
deconposition of carbamc acid esters is susceptible to the sinultaneous
occur r rEaly 98% qrs mereeaads OB an d@orﬁeé{btp"@FFSFaQI%tﬁm imestsdhereof.
denat uration reactions undesirable for carbam c acid esters or
condensHdoweven fsinaeothea farratiohoofhereabgompeunds hasl berr coplisned calthasginin es
of these side reactions may include a reaction in which urea bonds are
formed vty shedil aseahty] thig grocedoisl avable td ompiete(Bavoid the fotmation of wheach
carbodiimdes are formed as represented by the following formula (9), and
a reactddifipblinddli ch isocyanurates are formed as represented by the

foll ovm ng forrrul a (10) (see, Non-patent docunment 4 and Non-patent docunent
5). ,C\)@El—’s 00011 117 HH11 HH11 RNGCOR +R-OCGNR-->

R-NC R-OCOR (8 RN=CO+ 0=CGNR RRN=C=N-R + C02 (9) O

IR 3 I Lt horh e & it ndsaouds
susceptible to the simultaneous occurrence of various irreversible side reactions such
as thermal denaturation reactions undesirable for carbamic acid esters or
condensation of isocyanates formed by the thermal decomposition. Examples of
these side reactions may include a reaction in which urea bonds are formed as
represented by the following formula (8), a reaction in which carbodiimides are
formed as represented by the following formula (9), and a reaction in which
isocyanurates are formed as represented by the following formula (10) (see,

Non-patent document 4 and Non-patent document 5).

[0029]
R—N-t-0—r + rR—0-tM-—R —> R—N-E~N—R + R—O-E—0—R (8)
R—N=C=0 + 0=C=N—R —>» R—N=C=N—R + CO; (9)
0
R\NJKN/R
3 R—N=C=0 —™
OJ\I:IAO
R (10)
[0030]

(wherein R and R' independently represent monovalent alkyl groups or aromatic
groups.)

[0031]
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groups.) [0031] 10 In addition to these side reactions leading to a
decrease in yield and selectivity of the target isocyanate, in the
production of polyisocyanates in particular, these reactions nay nake
| ong-termoperation difficult as a result of, for exanple, causing the
precipitation of polégerlc solids that clog the reaction vessel. [0032]

Vari ous prodassili theserside padionstieadingde a decigasadaiyigjdi

using a carbamc acid ester for the raw naterial. According to Patent
docunentof ihe targetr isoayamatd; iirsdbgarmdacﬁmrd/airpolﬁisanatgariatmr!isulpr,othesed by
goi ng through the followng two steps. More specifically, in the first

step, amneactiomstmay Mmake iohgEnmcoperation difficalt astd result offoryexampleacansings
reacted with an O al kyl carbamate in the presence or absence of a catalyst

and i n e pREESIBIDN oF ohhﬁéﬂé@oﬁﬂs ﬂfa%loﬁl%e%‘a‘@ii&# vbésdlor m an aryl
di ur et hane and/ or aryI pol yur et hane fol I'owed by renoval of the amonia

for med ajiecessary. In the second step, an aromatic isocyanate and/or
aronat i pdl yi socyanate are obtained by thermal decorrposition of the aryl

%?Lﬁé?a?ﬁr%@%sna%ﬁéf#? éiqy%ﬁbsﬁa prenSyaR o o EoRBiRG s idles

deconposi tion of a 'gréﬂ‘t hatic, and particularly an aromatic,
monour SN2 SAPEM gRer q:r e fawipa ods carried out in the gaseous

phase at a high terrperature and nethods carried out in_a liquid phase
under conparRRcording tPomP@@'ﬂberdélGUﬂ‘@rﬁonﬂht|a§hsafqmaﬁ!q1e§ésm apdiy e

the reaction mxture gives rise to the side reactions described above,
t her eby polyisnayanateoris ependiced bie goingr larcugh dive sfeliowing twoolstens: i cMore

substances and obstructions in the reaction vessel

specifically, in the first step, an aromatic primary amine and/or an aromatic primary
polyamine is reacted with an O-alkyl carbamate in the presence or absence of a
catalyst and in the presence or absence of urea and alcohol to form an aryl
diurethane and/or ary! polyurethane foilowed by removal of the ammonia formed as
necessary. In the second step, an aromatic isocyanate and/or aromatic
polyisocyanate are obtained by thermal decomposition of the aryl diurethane and/or
aryl polyurethane.

[0033]

There are several known methods for forming a corresponding isocyanate and
alcohol by thermal decomposition of a (cyclic) aliphatic, and particularly an aromatic,
monourethane and diurethane, including methods carried out in the gaseous phase
at a high temperature, and methods carried out in a liquid phase under comparatively
low temperature conditions. In these methods, however, the reaction mixture gives
rise to the side reactions described above, thereby causing, for example, the
formation of sediment, polymeric substances and obstructions in the feaction vessel

and recovery apparatus, or the formation of substances that adhere to the sidewalls

of the reaction vessel, thereby resulting in poor economic efficiency in the case of
1



and recovery apparatus, or the formation of substances that adhere to the
sidewalls of the reaction vessel, thereby resulting in poor economc
efficiency in the case of 11 producing isocyanates over a |ong period of
time. Thus, the use of a chem cal nmethod, such as the use of a special
catal yst (see, . for exanple, Patent docupent 12 and Patent document 13) or
a cat al Brodueipgrise@i@nales avena long perigs oflime(see, for exanpl e, Patent
docunent 14), has been disclosed to inprove the yield in the thermnal
deconposi t i dhusiftheruseheine chemid methodesugivas the tse wf arspeasnial cadalysicsee15
descri bes a process for producing hexanethyl ene diisocyanate consisting of

t her mal fofl exampis, Patent dochmentei2hahd Rate dddyrhent ¢3hona catalystcombimnte of
di benzyl toluene used as a catalyst and in the presence of a catalyst

M Xt ur ewitlp BROREA ivemi(S¥e, foplexaffple UPaRinddacaniént 1Al ehed been disticdddtd de.
However, since there are no detailed descriptions of production or

I sol ati; ; f 4l folayel " fd I.pn and arbitrary recovery
of the Iﬁ@gﬁgeem.@gﬁt 8at!1§ftg§t m Xt u@ﬁ%@gc%ﬂﬁ%dgef ficiency of this
pr ocesagpggtd not be evaluated. [0035] According to the nethod descri bed

I n Pat cunent 16, urethane can be easily broken down into isocyanate
and al cohol ,jn a carbon-caqntaining fluidjzed bed w.thout using a catalyst.
' add o1 oMol e, HAEN dSEHN o} Hesiibent & Adesbntor podueing
hexanet hyl ene dialg%l ur et hane can, be deconposed in the gaseous hase at a
t enper ethylepecdisosyanatecconsisting ot tharmal decompesition” of haxgmsthylene
per neabl e packaging material nade of, for exanple, carbon, copper, brass,
st eel , digthyt urethanerinrthet presancenof clibenaw ipluend Msedoas qusatalyst @andoimthe
hexanet hyl ene diisocyanate. According to the description of Patent
docunerpre$énce bf a catdlpstcnbdurecmpeskdoft methyl ksiuene salforatefaral diptiengdim
hal i de and/ or hydrogen hal i de donor.
dichloride. However, since there are no detailed descriptions of production or
isolation of the starting components or purification and arbitrary recovery of the
solvent and catalyst mixture, the economic efficiency of this process could not be
evaluated.
[0035]

According to the method described in Patent document 16, urethane can be
easily broken down into isocyanate and alcohol in a carbon-containing fluidized bed
without using a catalyst. in addition, according to the description of Patent
document 17, hexamethylene dialkyl urethane can be decomposed in the gaseous
phase at a temperature in excess of 300°C in the presence or absence of a gas
permeable packaging material made of, for example, carbon, copper, brass, steel,
zinc, aluminum, titanium, chromium, cobalt or quartz to form hexamethylene
diisocyanate. According to the description of Patent document 16, this method is
carried out in the presence of a hydrogen halide and/or hydrogen halide donor.

However, this method is unable to achieve a yield of hexamethylene diisocyanate of

90% or more. This is because the decomposition products are partially recombined
12



However, this nmethod is unable to achieve a yield of hexanethyl ene
dii socyanate of 90%or nore. This is because the deconposition products
are partially reconbined 12 resulting in the formation of urethane bonds.
Thus, the hexanethyl ene diisocyanate is required to be additionally
purlfled by distillation, which frequently _increases yield |oss. [0036]
Mor eoverresHEipg i thgy formaties ofayethane; dss - Fdwsatheibexamsthylene diisocyanate
nonocar bamate is disclosed to be able to be deconposed with favorable yield
wi t hout iadeqyired 4o becadditionaliynpuiified by distilation, whianfrequently insreasest yieldd/ or
stabilizer at a conparatively |low tenperature and advantageously under a
reduced lpsgssure. The deconposition products (nonoi socyanate and al cohol)
are renmoved froma boiling reaction mxture by distillation and separately
capturegobgspeparatlve condensation. A nethod for renoving by-products
formed during thermal deconposition consisting of partially renoving the

reaction m Xgdr \fé‘u‘tSéE@orEh'f’gr Ry St 'd%sﬂﬁ?ﬁdd beg 'F‘hténﬂeESéuuﬁeﬁf”’PB Thys,

al t hough by-pro ucts can em)ve from bottom of the reaction

<1 doval 1TEOARERBAITOR 8%‘*3(959@ SRPEE' b, I e efollnosBH R ivolbip Vsl

wth respect tolon erm lon remain nsolve I ti there is
o descrPEtdHS 3N & SR Ko he BFeaTan Or8PRanas:of o SSIALIR AL or e sy

m xture (containing Iar ge armunts of useful corrponents) [ Q037 Accor d| ng
to the Ris®ECPRPasAIVElY W demperturaand asivantagecusiyiupdernadedued gressure.

aliphatic, alicyclic or aromatic polycarbamate is carried out in the
pr esencelhg desompesitions predunts AMarsioeyanatsn @nshalmhol1ate remavead , framd a n
the presence or absence of a catalyst and an assistant in the forn1of
hydr ogerbailiigriedetionr mgaxture aloy ddistillationdeand addparateiyo rcapdanetd oy ceparativet | n
chl oride. By-products formed, can be continuously
condensation. @A method for removing by-products formed during thermal
decompaosition consisting of partially removing the reaction mixture outside the
system is described in a generic form. Thus, although by-products can be removed
from the bottom of the reaction vessel, problems remain with respect to the case of
adherence to the sidewalls of the reaction vessel as previously described, and
problems with respect to long-term operation remain unsolved. In addition, there is
no description regarding industrial utilization of the removed reaction mixture
(containing large amounts of useful components).
[0037]

According to the description of Patent document 19, thermal decomposition of
an aliphatic, alicyclic or aromatic polycarbamate is carried out in the presence of an
inert solvent at 150°C to 350°C and 0.001 to 20 bar, and in the presence or absence
of a catalyst and an assistant in the form of hydrogen chloride, organic acid chioride,
alkylation agent or organic tin chloride. By-products formed, can be continuously

removed from the reaction vessel together with the reaction solution, for example,

and a corresponding amount of fresh solvent or recovered solvent is added
13



renoved fromthe reaction vessel together with the reaction solution, for
exanpl e, and a correspondi ng anount of fresh solvent or recovered sol vent
is added 13 sinultaneously. A shortcomng of this nethod is, for exanple,
a reduction in the space-tine yield of polyisocyanate as a result of using
a refluxing solvent, while also _requiring considerable energy, including
that f @imPg@ﬂﬁW- ofA shertseminghof tivs, methad is,ifies exampleant @n dnhe

vol atil e under the reaction conditions, resulting in the potential for
cont amspace-dimeyieldof pelyinasyanatecas grresult of using adefiuwiing solvieat, amhilenalsoof
residue is | arge based on the forned polyi socyanate, thus |eaving roomfor
doubt requjengicopsideralsiel energy, intlading thad fohredovenabf the golént. ndMeteovel,

nmet hods. [0038] According to the description of Patent docunent 20, a

net hod the aenistantaedséqr ares Vdldtile OWsdérh eHdTBrbadfe® aiditiors) Rsufting2iPanat e
such as the alicyclic diurethane,

5-(eth i =] ami vl ) el

ri et BT Speananmatiort Bt M M S0PRBKKSH SBHELEY , Jn baditin. the amount
react or¢i.Q.: O g f [ e . Of [ bal |.i ' ent.
Thi s mel revitue i€ e HHB dh ME R BGinoByarfert Fils 1 abidhoBRl forgfoin
(cyclic) aliphatic diisgpcyanates and |ow selectivity. Jn,addition, there is
no des5%%9?’&@%?"%“'&?%&?‘%%%@"%%Eﬁi'agé'&!bH%)@Hyﬁﬁeﬁ ﬁ'&%‘ﬁ?y of reconbi ned
or partially deconposed carbamates, while there is also no nention nmade of
post-tI[ nt of solvent containing the by-products and catal yst. Patent
docunent 1 : Japanese Patent Application Laid-open No. H6-25086 Patent
docunent 2 Accosjing dedhestesatiptigpof Patentrdacsimend 2, anmethod s des@ibed faat ent
docunent 3: Japanese Patent Application Laid-open No. H6-56985 Patent

dpcunesontinuduspthemal Becompolfioni ofiai carbamiate speh ddothe? Qlidichd Anethdra, ent
docunent 5 : Japanese Patent Application Laid-open No. 2004-339147 Patent

o et SR afvambona. 1. inegg esine
supplied along the inner surface of a tubular reactor in a liquid form in the presence
of a high boiling point solvent. This method has the shortcomings of low yield during
production of (cyclic) aliphatic diisocyanates and low selectivity. In addition, there is
no description of a continuous method accompanying recovery of recombined or

partially decomposed carbamates, while there is also no mention made of

post-treatment of solvent containing the by-products and catalyst.

Patent document 1 : Japanese Patent Application Laid-open No. H6-25086
Patent document 2 : Japanese Patent Application Laid-open No. 2003-231774
Patent document 3 : Japanese Patent Application Laid-open No. H6-56985
Patent dpcument 4 : Japanese Patent Application Laid-open No. 2002-212335
Patent document 5 : Japanese Patent Application Laid-open No. 2004-339147
Patent document 6 : US Patent No. 3992430

Patent document 7 : Japanese Patent Application Laid-open No. $52-71443

Patent document 8 : Japanese Patent Application Laid-open No. $61-183257
14



Pat ent docunent 8: Japanese Patent Application Laid-open No. S61-183257 14
Pat ent docunent 9: Japanese Patent Application Laid-open No. 2004-262834
Pat ent docunent 10 : Japanese Patent Application Laid-open No. Hl-230550
Pat ent docunent 11 : US Patent No. 4290970 Patent docunent 12 : US Patent
No. 2692275 Patent docunment 13: US Patent No. 3734941 Patent docunent 14
: US Pat ent Ratenidgeument BaJapangss Ratent ApplicaliprrhaidrepemNos20042628B4t ent
docunent 16: US Patent No. 4482499 Patent docunent 17: US Patent No.
4613466 PatRatentidooument 18 : Japsnése Patentid\pplicattnsBaidrapemNodbld 23085019
US Patent No. 4388246 Patent docunent 20 : US Patent No. 4692550

Non- pat ent deatemtdbcdmenPdl y S PatentiNG. 4290990. 20, No. 214, 1963
Non- pat ent docunent 2 : the Collection of Prelimnary Manuscripts of the

Study G ouppPafent Beciinensn2h S PatértiN® eegrp7Beedst ock Recycling of
Plastics, Vol. 3, . 31-32, 2001 Non-patent docunent 3 : Pol ymer

pp
Preprints, JBap@n | \ d\@ﬂ tent docunent 4 : Berchte der
Deut echen Chem sgzﬁée{ﬁu'(u;ggfel??s'c Sa?ta?&@%' ggq 653, 1870 Non- pat ent

docuTent o B BRby S TR ARRRRA BTt ol O B PR
object of thg RhEastiment 75" U Pafent Nd43sdge™ PrOcess for producing
Patent document 16 : US Patent No. 4482499
Patent document 17 : US Patent No. 4613466
Patent document 18 : US Patent No. 4386033
Patent document 19 : US Patent No. 4388246
Patent document 20 : US Patent No. 4692550
Non-patent document 1 : Polymer Chemistry, Vol. 20, No. 214, 1963
Non-patent document 2 : the Collection of Preliminary Manuscripts of the Study
Group of the Research Association for Feedstock Recycling of Plastics, Vol. 3, pp.
31-32, 2001
Non-patent document 3 : Polymer Preprints, Japan, Vol. 54, No. 1, 2005
Non-patent document 4 : Berchte der Deutechen Chemischen Geselischaft, Vol.
3, p. 653, 1870
Non-patent document 5 : Journal of American Chemical Society, Vol. 81, p.

2138, 1959

Disciosure of Invention
Problems {o be Solved by the Invention

[0039]

An object of the present invention is to provide a process for producing
15



15 isocyanates, which are industrially useful conmpounds, w thout using
phosgene as described above, while at the sanme tinme providing a process
for chemcally recycling waste aromatic pol ycarbonate resin. Means for

Sol ving the Problens [0040] As a result of conducting extensive studies on
t he above-nentioned problens, the inventors of the present invention found
that t hdSQ@¥ANates nwhicheare, indusiiiallyc usefub sosmanndsy without disings phesgane rass
carbam c acid ester conpound obtained by a reaction between an aromatic
pol ycar iasgribed aboveawhile at the same tyoe\pioviding a prpcrssdior shemi¢allyt redyclinga

t hermal deconposition reaction, thereby leading to conpletion of the

pr esent wastearomatic pdtytarbondatewesin.in a first aspect of the present

i nvention, there is provided: [1] a process for producing a dival ent
aromati ¢ hydroxy conpound and an i socyanate conpound, conprising the steps
of : reacting an aromatic pol ycarbonate resin and an am ne conpound havi ng a

primary am naeghs i $eviiaithe PBblEntd Ure containing a carbamc acid ester
and a compound havi ng aff ar omat {aﬁydroxyl group, which are originated

fromtrr]rg g4jenetic polycarbonate; and subjecting the carbanmic acid ester to
a ther P deconposition reaction to obtain the divalent aromatic hydroxy

[T wher of P Aeree & o PR BRI RoveL s o 1S Ao UF BORHHRD SRR | he
Pyl oxy BB HNRSS ther BEeEbIEBIR AN Gt ih BoueTBEnUanASt BIGRETS GBriem
L] or [bze] éol\(\:{]agr&i(% E)poecersgai(r:lt \ifvﬁir::hbgtcm:}ggmtic? %cidlgster compound obtained by a
reaction between an aromatic polycarbonate resin and a specific polyamine
compound is subjected to a thermal decomposition reaction, thereby leading to
completion of the present invention.
[0041]
Namely, in a first aspect of the present invention, there is provided:
[1] a process for producing a divalent aromatic hydroxy compound and an isocyanate
compound, comprising the steps of:
reacting an aromatic polycarbonate resin and an amine compound having a
primary amino group to obtain a mixture containing a carbamic acid ester and a
compound having an aromatic hydroxyl group, which are originated from the aromatic
polycarbonate; and
subjecting the carbamic acid ester to a thermal decomposition reaction to obtain
the divalent aromatic hydroxy compound and the isocyanate compound,
[2] the process according to item [1], wherein the reaction between the aromatic
polycarbonate resin and the amine compound is carried out in the presence of a

monovalent aromatic hydroxy compound as a reaction solvent,

[3] the process according to item [1] or [2], wherein the reaction between the
16




aromati c pol ycarbonate resin and the am ne conpound is carried out in the
absence of a catalyst, [4] the process according to any one of itens [1]
to [3], wherein the thermal deconposition reaction of the carbamc acid
ester is carried out in the absence of a catalyst, [5] the process

according tgo any one of itens to [4], wherein a reactor, i ich the
reacti 6‘FF9'B@¥'9\/88 %H@’Et%ﬁﬁﬁ'ﬂ@'%e%%b%ﬁ?wpwgﬁﬁ ﬁﬁﬂ'eﬁn‘é“tdﬁitﬁﬁ 68nd is
carried out differs froma reactor used for the thernmal deconposition
react i hasetalM, carbanmic acid ester, [6] the process according to item
[5], further conprising transferring the m xture containing the carbamc
aci d efder thebipaocass hpcomding itagamhoner ofidtdns ({4 yto aiShowdmeceinr thei thetmal t he
am ne conpound to the reactor used for the thernal deconposition reaction

of t hedesompositionaedctici of thd ¢hriidmicicid esterds canteédout in tHeeabédice vharei n
the m xture containing the carbamc acid ester is transferred while

mai nt aichtghgsta tenperature within a range of from10C to 180C, [8] the
process according to any one of itens [1] to [7], wherein a | ow boiling

poi nt %0%3 éé’%ﬁ‘c’&dﬁrﬁb&&‘ﬁni%‘ﬁ?’ﬁ it%ﬁﬁi'gﬁsliﬁi,i Wheldt? &l fedRtdH inWifich

car ba acid ester " 'I's recover romthe reactor 1n a formof a gaseous

h , L.qui h . d f t

o 1 e TEReRaEn bR tslomatlt BaGeHRABARE Resth AreEfhe i, phMBerd Rt over
f th 1 t h f the.liquid ph
o T
[8 or [9], wherein the | ow boiling point conponent is an isocyanate
conpoufarkamicacidesi®hoval ent aromatic hydroxy conpound, 17

[6] the process according to item [5), further comprising transferring the mixture
containing the carbamic acid ester obtained by reacting the aromatic polycarbonate
resin with the amine compound to the reactor used for the thermal decomposition
reaction of the carbamic acid ester,

[7] the process according to item [6], wherein the mixture containing the carbamic
acid ester is transferred while maintaining a temperature within a range of from 10°C
to 180°C,

[8] the process according to any one of items [1] to [7], wherein a low boiling point
component formed in the thermal decomposition reaction of the carbamic acid ester
is recovered from the reactor in a form of a gaseous phase component, and a liquid
phase component is recovered from a bottom of the reactor,

[9] the process according to item [8], wherein the recovery of the gaseous phase
component and the recovery of the liquid phase component are carried out
continuously,

[10] the process according to item [8] or [9], wherein the low boiling point
component is an isocyanate compound and/or a monovalent aromatic hydroxy

compound,
17



[11] the process according to item[8] or [9], wherein the |iquid phase
conponent contains a divalent aromatic hydroxy conpound and/or carbam c
acid ester, (12] the process according to any one of itens [8] to [11],
wherein the liquid phase conponent is recycled to a top of the reactor in
whi ch the thermal deconposition reaction is carried out, [13] the process
accor di ng 1 o thgpreerssofcearding 1ol jtemno[8] 07 [9],\wheksim the digridophase component
pol ycarbonate resin is a waste pol ycarbonate resin, [14] the process

accor di ngonteinsrey divaterd faromatie hydioxycdmpdundiard/er natbiamigréicideesteonpound is a
compound represented by the followng fornula (11): R14NH2 ) n (11)

(wherei nj12} e peocatissaccagdingitosaiycohe of fiteavs [8)¢o §1 1)y whessinitheiliggidphase

al i phatic groups having 1 to 20 carbon atons and aromati c groups having 6

to 20 caghpoRéMs rddyBledeRPYetopl O RFe FEALHSH Th WhicH Bhe IRéerilededdrmpogiféiOn

and oxygen atoms, and have an atom c nunber equal to n, and n represents

an integ fe 240.:10), [15] the process according to item][14],
wherein ﬁlaecgépﬁlélga?g%r?p@{}hd is a diamne conmpound in which nis 2 in

formul a ), e_nr ccordi t.o i ' S .
boi 11 ng [aTnitheptoaes® aBREOHE 8 V. oae o b 3T K1 tieThl PrstalHoRtc
standard boi | i nﬁ POi nt of the, divalent aromatic hydroxy conmpound, [17] the
process BRYERMOAGE (2SR 57 Waste,polyed ,O'W?%F’é?"?r t he monoval ent aromatic
hydr oxy conpound is an aromati c hydroxy conpound which is represented_ by
the fol {14l iherwosass qecoyding donany ronmofdtemeddl terdd buwbereinthe amingg
oH ARz

compound is a compound represented by the following formula (11):

R’—GNHZ)
n

(wherein R represents a group selected from the group consisting of aliphatic groups

(11)

having 1 to 20 carbon atoms and aromatic groups having 6 to 20 carbon atoms, the
above groups contain an atom selected from carbon and oxygen atoms, and have an
atomic number equal to n, and

n represents an integer of from 2 to 10},
[15] the process according to item [14], wherein the amine compound is a diamine
compound in which n is 2 in formula (11),
[16] the process according to item [2], wherein a standard boiling point of the
monovalent aromatic hydroxy compound is lower than a standard boiling point of the
divalent aromatic hydroxy compound,
[17] the process accerding to item [2] or [16], wherein the monovalent aromatic
hydroxy compound is an aromatic hydroxy compound which is represented by the

following formula (12) and which has at least one substituent R%:
18



(12) (wherein ring A represents an aromatic hydrocarbon ring which has 6
to 20 carbon atons and which may have a substituent, and the ring A may be
a nonocyclic or heterocyclic ring, and R2 represents an aliphatic group
having 1 to 20 carbon atons, an aliphatic al koxy group having 1 to 20
carbon atons, an aryl group having 6 to 20 carbon atons, an aryl oxy group
having 6 to 20 carbon atons, an aral kyl group having 7 to 20 carbon atons
or an aral kylo group having 7 to 20 carbon atons, the above groups
contain an atol'selected fromthe group consisting of carbon, oxygen and
nitrogen atoms._and R2 may al so bond with Ato forma ring structure),
[18] the process according to item[17], wherein the nonoval ent aromatic
hydroxy cé¢npopnd hasgR@a structure in which the ring A contains at |east one
structure 9 fromthe group consisting of a benzene ring, a

and an anthracene ring. [0042] |In addition, %2
second aspect of the present invention, there is provided: [19] g ar bam c
acid ester conpound represented by the following formula (13):
4XoX4i rNlooXtoX Y R (13) 19 (wherein R3 represents a group selected from
the gr AvRerefNRhgtA feprekedts &R ArbMmalit MiRifocdlBYh rﬁhglwhrbh? Ra€ & RPLO SN and

aromat I ¢ groups  cont ai ni ng 6 to 20 car bon atom; the ab ove groups contain

an atogj, ?cnq,_!.f 0 aggh Ngy n,g{],
i ndependen %@E’?‘g&‘:@s@n s a sﬁb ﬁﬁ%&ﬁ he gr oup ‘e:lpcr &ent ed
by thehé@r&%ﬂc%n@?r%l a (14): -od -0

R? represents an aliphatic group having 1 to 20 carbon atoms, an aliphatic

alkoxy group having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon
atoms, an aryloxy group having 6 to 20 carbon atoms, an aralkyi group having 7 to 20
carbon atoms or an aralkyloxy group having 7 to 20 carbon atoms, the above groups
contain an atom selected from the group consisting of carbon, oxygen and nitrogen
atoms, and R? may also bond with A to form a ring structure),
[18] the process according to item [17], wherein the monovalent aromatic hydroxy
compound has a structure in which the ring A contains at least one structure selected
from the group consisting of a benzene ring, a naphthalene ring and an anthracene
ring.
[0042]

In addition, in the second aspect of the present invention, there is provided:

[19] a carbamic acid ester compound represented by the following formula (13):

R4 ) o)j\x $) o’u\H—Rﬂ—ﬁJ‘oas

(13)
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-0 (14) and, each of x, y and z independently represents an integer of 0 or
nore). Advantageous Effects of the Invention [0043] According to the
present invention, in addition to being able to efficiently produce an

| socyanat e conpound w t hout using phosgene, a divalent aromatic hydroxy
conmpound can be ,obtai ned by cheni cal Iaq recycling an aromatic . Eol_ycar bonat e
resin. HEwhereind¥cieppesats afgrovp selesietfom wlprogsisting| of @liphatiegraups
conceptual drawi ng showi ng an apparatus for preparing an aromatic

pol ycar havinge1 dorkthcaibop atoredand cndnhatis guioips eontanting 16etco20 At atdms,
present invention; FIG 2 illustrates a conceptual draw ng show ng an

appar at the faboveigposs centain 29 atom Beldctedifroth earben arlokygenaatomsanpl e of the
present invention; FIG 3 illustrates a conceptual drawi ng show ng an

appar at us f Qiadi efl R 88d RP independsaly réprésahR Bl subsiniEn selesteq i thged
in an exanple of the present invention; FIG4 illustrates a concept ual

drawi ng ﬁgﬁ%ngﬁ%ggggggwm“&g%ﬂgpqﬁq):an | socyanate and aronatic

hydr oxy co 1’n"an exa e’present invention;, FIG5
illustrates a conceptual draw ng showi ng an apparatus for producing an

| socyanate and aromati c hydroxy conpound used in an exanple of the present
invention;,Ek§*6 Illustrates a conceptual drawi ng showi ng an apparatus for
produci ng an ~1socyanate and aromati c hydroxy compound used in an exanpl e

of the present
—O—< >—-|—
o)
(14)

and, each of x, y and z independently represents an integer of 0 or more).

Advantageous Effects of the Invention
[0043]

According to the present invention, in addition to being able to efficiently
produce an isocyanate compound without using phosgene, a divalent aromatic
hydroxy compound can be obtained by chemically recycling an aromatic

polycarbonate resin.

Brief Description of the Drawings
[0044]

FIG. 1 illustrates a conceptual drawing showing an apparatus for preparing an
aromatic polycarbonate-containing mixed liquid used in an example of the of the
present invention;

FIG. 2 illustrates a conceptual drawing showing an apparatus for producing a
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invention; FIG7 illustrates a conceptual draw ng show ng an apparatus for
produci ng an isocyanate and aromatic hydroxy conpound used in an exanple
of the present invention; FIG8 is a drawing of NVR analysis (1H NVR) of a
m xture containing a carbamc acid ester conpound indicated in Exanple 23
of the present invention; and FIG9 is a drawi ng of NVR anal ysis (13C NWR)
of a ntRMANRKcAs aster Hged ir ansxample of the-ptesent BeBlieRE i ndi cated i n Exanpl e
23 of the present invention. Description of Reference Nunericals [0045]
(FIG 1) 160G 3c0Hystrdes ascancepiual dirawing) showingcamappacgtus for poducinghan (FI G
2) 21 103, 201, 203 : storage tank, 202 : reactor, 21, 22, 23 : line (FIG

3) 203jsotYdnateOdnd Sadmaticl hydidky Sdmpotid, usitl in sdriexgmplandf, the0 preseriti n
filmdistillation apparatus, 302, 312, 313, 318: continuous mnultistage
di stil fypdeneiBncol um 303, 308, 314, 319: condenser 305, 310, 315, 320:
reboiler 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,

17, 1%, 51604 fiii IR Py 3w abbrdlr BiyeftPgn 11
413, 4?5%09388@ iaHHOé'l%nqraLHct 'h%?oq& c%ﬁ%hhb%éeodq iff Oa{.rprg'(ample of the present
invention;

FIG. 5 illustrates a conceptual drawing showing an apparatus for producing an
isocyanate and aromatic hydroxy compound used in an example of the present
invention;

FIG. 6 illustrates a conceptual drawing showing an apparatus for producing an
isocyanate and aromatic hydroxy compound used in an example of the present
invention;

FIG. 7 illustrates a conceptual drawing showing an apparatus for producing an
isocyanate and aromatic hydroxy compound used in an example of the present
invention;

FIG. 8 is a drawing of NMR analysis ('H-NMR) of a mixture containing a
carbamic acid ester compound indicated in Example 23 of the present invention; and

FIG. 9 is a drawing of NMR analysis ('°C-NMR) of a mixture containing a

carbamic acid ester compound indicated in Example 23 of the present invention.

Description of Reference Numericals

[0045]

(FIG. 1)

100, 101, 103 : storage tank, 102 : reactor, 10, 11, 12 : line

(FIG. 2)
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403, 308, 414, 419: condensor, 405, 415, 420: reboiler 60, 61, 62, 63, 64,
65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82 :
line (FIG 5) 203, 504, 506, 507, 510, 512, 515, 517: storage tank 501 :
thin filmdistillation apparatus, 502, 508, 513 : continuous mnultistage
distillation_ _colum 503, 509, 514 : condenser, 505, 511, 516 : reboiler
A, A2, A83.201, 203 : steragestankg20horeacter, 24) B2, 24 2lin@13, Al4, Al5, Al6, Al7,
Al18, A19, A20, A21 : line (FIG 6) 512, 603, 605, 608, 610 : storage tank,
601, 606{(FIG8hti nuous nmultistage distillation colum 22 602, 607:
condenser, 604, 609: reboiler Bl, B2, B3, B4, B5, B6, B7, B8, B9, B10, Bl1,

B12: |i n203,(304; 308, 300, 3TN1316{Q47, 324, 372 Sstoragetatke tank, 703 : reactor
704, 707, 710: continuous multistage distillation colum, 705, 708, 711 :

condenseg01 70thin #lh dﬁmmié@@pga%tug;so@?,aﬁ?,s@i, 368 @nﬁr%us%utt@a%&m
Cll, Cl2, C13, Cl4, Cl5, Cl16, Cl17 : line Best Mide for Carrying Qut the

I nvent i ogigkifpiHi coldfm fol | owi ng provides a detailed explanation of the best
node for carrying out the present invention (to be referred to as "the

Precent | SaSoRareiy hiofughighasy o (e Present | nvention 1 not | i ted to
ways w tgbg’ é‘ﬂf ﬁ%?ggoqfreéé}%rgi st thereof.
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52 :
line
(FIG. 4)
203, 407, 404, 409, 411, 416, 417, 421, 422 : storage tank
401 : thin film distillation apparatus, 402, 412, 413, 418 : continuous multistage
distillation column
403, 308, 414, 419 : condensor, 405, 415, 420 : reboiler
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81,
82 : line
(FIG. 5)
203, 504, 5086, 507, 510, 512, 515, 517 : storage tank
901 : thin film distillation apparatus, 502, 508, 513 : continuous multistage distiliation
column
503, 509, 514 : condenser, 505, 511, 516 : reboiler
A1, A2, A3, A4, A5, AB, A7, AB, A9, A10, A11,A12, A13, A14, A15, A16, A17, A18, A19,
A20, A21 : line
(FIG. 6)

512, 603, 605, 608, 610 : storage tank, 601, 606 : continuous multistage distillation

column
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[0047] The process of the present enbodinment is a process for producing a
dival ent aromatic hydroxy conpound and an isocyanate conpound, which
conprises the steps of: reacting an aronatic pol ycarbonate resin and an
am ne conpound havi ng prinary am no groups to obtain a m xture containing
a carbam c acid ester and_ a npound havi ng an aromati c hydroxyl group,
whi ch ar 80 3r5@?nﬁP@Qﬁﬂ$¥k§Q4uﬁQﬂ{ﬁﬂ%m@r pol ycar bonat e; and subjecting the
carbam c acid ester to a thermal deconposition reaction to obtain the

di val ent Bdy 82nB3¢c By B5o 6, BanB8uBS, B0, B¢, Bt2clineate conpound. [0048]
<Aromati c Pol ycarbonate> An aromatic pol ycarbonate used in the present
enbodi me(flIG &)ers to a polyner 23 having a carbonic acid ester of a

di val ent aromatic hydroxy conpound as a repetitive wunit thereof, and is

repr esenved, 1, 02, il mnatarager%m (758):reh8RF9] X-Ar -CO-EAr - QO Ar
-OYOAr -X 0 0’k 0'°(15) [0050] (wherein Ar represents a dival ent aromatic

gr oup hayg@gT@z _?Olozoc&ﬂfnmﬂs?ﬁtﬂﬂ%tggﬁar Iilatlﬁﬁ%ﬁﬁﬁﬁtf%a'?%nxwe {1 I?SU i ng

I’T'DI’G) ere are no par Irmtations on'the’Ar ¢ons

the aro and is an aromatic group having the structure
”?bﬁc-,v% g}hﬁv\&?’gﬂ%r oxy [

Ar (OH) 2, | groups are added to the Ar group, or in

Femoved Pofita G S &t G Gt B9cboyC borbbuids, Bl B<Cap. e ine
di val ent aromati c hydroxy conpound represented by

Best Mode for Carrying Out the Invention

[0046]

The following provides a detailed explanation of the best mode for carrying out
the present invention (to be referred to as “the present embodiment”). Furthermore,
the present invention is not limited to the following present embodiment, but rather
can be modified in various ways within the scope of the gist thereof.

[0047]

The process of the present embodiment is a process for producing a divalent
aromatic hydroxy compound and an isocyanate compound, which comprises the
steps of: reacting an aromatic polycarbonate resin and an amine compound having
primary amino groups to obtain a mixture containing a carbamic acid ester and a
compound having an aromatic hydroxyl group, which are originated from the aromatic
polycarbonate; and subjecting the carbamic acid ester to a thermal decomposition
reaction to obtain the divalent aromatic hydroxy compound and the isocyanate
compound.

[0048]
<Aromatic Polycarbonate>

An aromatic polycarbonate used in the present embodiment refers to a polymer
23



Ar(OH) 2 may preferably include a dival ent aromatic hydroxy conpound
represented by the following fornula (16): [0052] mnm HO\ X\ / / OH (16)
[ 0053] (wherein X represents an al kylidene or cycl oal kyl i dene, which has 1
to 8 carbon atoms, S, SO2, 0, C=O or a single bond, Rs represents an al kyl
group having | to 5 24 carbon atons, C or, Br, and mrepresents an i nteger
of 0t Ba'Q'}"Q a parbonic asid fatersofa divalant@ronadinhydranseerapeyed agya Epaitveds
may include 4,4'-dihydroxydi phenyl,

a, a=bi unit thergdf, @ngph cepiesented by the tojowingrioamela (16)4' - di hydr oxydi phenyl

sul fide, 2,2-bis-(4-hydroxyphenyl)-propane, 2 ,2-bis-(3, 5-d

i met hy[00#3)ydr oxyphenyl ) - propane, 2 ,2-bis-(3, 5-d

i chl or o- 4- hydr oxyphenyl ) - pr opane, 2, 2-bis- (3,

5-di br ono- 4- hydr oxyphenyl ) - propane, 1, 1 -bis-(4-hydroxyphenyl)-cycl ohexane
and 1, 1 -bis-(4-hydroxyphenyl)-3,3,5- trimethylcycl ohexane. Anong these

di val ent aromatic hydr conpaounds,. 4, 4' -dihyd O‘Xphenyl,

a, a' - bi s- (& tmpdrd =G giQ opfép‘ﬂ%rr?e‘n_ v

2,2-bis-(4-hydrox§ﬁE§ny ) - pr qyan& and

1, 1- bi s- (4- hydr oxyphenyl)-3, 3, 5-tri net hyl cycl ohexane are preferabfﬁa
2,2-bia%gﬁ?hydroxyphenyl)-propane is nore preferable. [0055] The aromatic
pol yca Ate used in the present enbodi nent nmay al so be produced by any

ol yneri zation net hod. Although gener.all roduced by a met hod
oLy (wherein Ar represents a divalegnt a?omatic grgupg) having 6 to 50 carbon atoms, and k

represents an integer of 0 or more).
[0051]

There are no particular limitations on the Ar constituting the aromatic
polycarbonate, and is an aromatic group having the structure Ar(OH), in which two
hydroxyl groups are added to the Ar group, or in other words, an aromatic group in
which two hydroxyl groups have been removed from a divalent aromatic hydroxy
compound. Examples of the divalent aromatic hydroxy compound represented by
Ar(OH); may preferably include a divalent aromatic hydroxy compound represented
by the following formula (16):

[0052]

\ "/ (16)

[0053]
(wherein X represents an alkylidene or cycloalkylidene, which has 1 to 8 carbon
atoms, S, SO,, O, C=0 or a single bond, R® represents an alkyl group having 1 to 5
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such as interfacial polynerization using phosgene or nelt polynerization
using di phenyl carbonate, either nethod may be used and production is

i ndependent of the production nethod. Although there are no particul ar
limtations on the degree of polynerization of the aromatic polycarbonate
provided it has thernoplasticity, the weight average nmolecular weight is
gener al $3rognatemsaCl anBe asd mrgpresentan dnteger ob@ 1o gi-eferably within a
range of from 5,000 to 200,000, and nore preferably mnthln a range of from
10, 000 [0958D, 000. The wei ght average nol ecul ar wei ght of the aromatic

pol ycar bonat e can be neasured by gel perneation chromatography (solvent:
25 tetrahydExamples of asubly ddivalehy sasomally . hydro®y 6 lcofripoundsnahay  include

pol ycarbonate used in the present enbodi nent may al so have a branched

struct U g-hyardgaifiieryl, | noor por & k0sisaaydrotytenynunldisoprpiuhzegent | n

the mol ecul ar chain théreof. Exanples of branchi ng agents may i ncl ude

Ehgogo%uaﬂﬁhfﬁd@@nyf’f Bglnzeneslﬁrd%” (4 hy ?6%9@ﬁ%d oglyplfg by r'meﬁane,
t2“2 l;l 55?26 ﬁf%@&%ﬁﬁf gﬁ'@%&ﬁ@?@%?ﬁqpﬁvffkyl ] - pr opane,

2, 4-

2 5.5 R el BB v

hexa- (Z d %&@%ﬂféﬁ hY@'@HYy %SM%P)-grtﬁopht halic acid ester,
tetra-(4- hydroxyphenyl) net hane, _

t et r a- (B ¢BisHg-dvergnipbepyicyolohepane - pheantky- ikl hisé4-hydesoypbeng)-8:%8ol |

pentaerythritol, 2,4-dihydroxybenzoic acid, trinesic acid, cyanuric acid,
1, 4- bi striﬁ(ethyléveldhexahe)xyt ri phenyl) - net hyl )- benzene,
a,a' ,a"-tris-(4-hydroxyphenyl)-1,3,4-triisopropenyl benzene and the |ike.
[ 0057] Among these divalent aromatic hydroxy compounds, 4,4'-dihydroxyphenyl,
o, 0'-bis-(4-hydroxyphenyl}-m-diisopropylbenzene, 2,2-bis-(4-hydroxyphenyl)-propane
and 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyciohexane are preferable,
2,2-bis-(4-hydroxyphenyl)-propane is more preferable.
[0055]

The aromatic polycarbonate used in the present embodiment may also be
produced by any polymerization method. Although generally produced by a method
such as interfacial polymerization using phosgene or melt polymerization using
diphenyl carbonate, either method may be used and production is independent of the
production method.

Although there are no particular limitations on the degree of polymerization of
the aromatic polycarbonate provided it has thermoplasticity, the weight average
moiecular weight is generally within a range of from 1,000 to 500,000, preferably
within a range of from 5,000 to 200,000, and more preferably within a range of from

10,000 to 80,000. The weight average molecular weight of the aromatic

polycarbonate can be measured by gel permeation chromatography (soivent:
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In addition, there are cases in which the aromatic pol ycarbonate contains a
chain term nator and/or a group originated froma chain term nator
following the use of a chain term nator such as phenol, octyl phenol

(i ncluding isoners), cunyl phenol (including isoners) or butyl phenol

(i ncluding isonmers) during production thereof, and even such aromatic

pol ycar bﬁ@@é’“&f&@rbéw di polyslyren®cess of t he present enbodi nent

wi t hout any probl enms what soever. [0058] Although aromatic pol ycarbonat es
are genel®86} used in |enses, conpact disks, construction materials,

aut onobi |l e parts, chasses of OA equi pnment and canera 26 bodies and the

l'i ke, aromat iTheparoymatichpolyptarbohhte ubey in tve prasent ehtbddimentvhridy algofdvetaon

of use can al so be used in the present enbodinent. In addition, aromatic

pol ycar bbratichiedi stridiére’ 8§ @ fdsuit’ 6F m@asﬁfmhﬁng WPRE{UMIFRESSIR qﬁaﬁéﬁ.hg%géﬁ? in
production of noldings, cuttings or noldingS no |onger able to b sed

def ect | Vihe Mploflcii Qnaf oméghgolj%@@ﬁ@em ° grafichihg. au8Ak. Mafl Heiude

machi nes can al so used I n aro

i YZ?EbQuck@ggﬁéaff 2 powder . gl ast éjﬁi\‘i%*ﬁ?% i—ﬁrﬁ- hiiid S“é?a@? TEERE Ly

protecta ant ment s .or dyes, I C bI nded
conponen?ias’%'éi'xg' R/hﬁﬁl’lgﬁpﬁ?%e)t her eof styr 't""éf’h%?r phemyd)-gthane,

but adi eng, an he like. In such cases, these aromatic pol ycarbonates nay
be used &'5& gvéfﬁ%@%wbpmnﬂmeﬂga%m ained within a range that does not

Inpair the essence of the present enbodi nent, or these aromatic

pol ycar b3@abisd4ebisé-hydroxyrhenybviyelphenyllpeopang, of such additives or

bl ended conponents by suitable nethods. Known net hods can be used to

renove t Rdshisedeiydroxyphengl-isopropytlephereoi ant2, 8ehis{(2-Wyd rixynBymetiyt-baazylpdhods

such as filtration, nenbrane separation, centrifugal separation,
preci pi tniethylphmdt illative sepgt(athmogypmmtg@ uz&hy%xym@nﬁ}_g@angf an

aromati c pol ycarbonate nelt or, for exanple, sol ution containing a
sol vent ké&xa-(4-(4-hydroxyphenyl-isopropyl)- phenyl)—orthophthahc acid ester,
tetra-(4-hydroxyphenyl)-methane, tetra-(4-(4-hydroxyphenyl-isopropyl)-phenoxy-

methane, isatin-bis-cresol, pentaerythritol, 2,4-dihydroxybenzoic acid, trimesic acid,
cyanuric acid, 1,4-bis-((4' 4"-dihydroxytriphenyl)-methyl)-benzene,
a,o',o"-tris-(4-hydroxyphenyl)-1,3,4-triisopropenyl benzene and the like.

[0057]

In addition, there are cases in which the aromatic polycarbonate contains a
chain terminator and/or a group originated from a chain terminator following the use
of a chain terminator such as phenol, octylphenol (including isomers), cumylphenol
(including isomers) or butylphenol (including isomers) during production thereof, and
even such aromatic polycarbonates can be used in the process of the present
embodiment without any problems whatsoever.

[0058]
Although aromatic polycarbonates are generally used in lenses, compact disks,

construction materials, automobile parts, chasses of OA equipment and camera
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be described | ater and the aromatic pol ycarbonate, and nethods using
adsorptive separation using, for exanple, activated charcoal, diatomceous
earth, cellulose or zeolite. [0059] The aromatic polycarbonate used in
the present enbodinent is preferably used in a state of being granul ated
or crush%d fo a auitable size. Fromthe viewpoint of allow ng the reaction
wi th t hePRAIEFaANd ctheo i uAtPrIatic, Peicambonates| that thaverbasomgi wasta &ellawing
preferably 10 mmor | ess, and fromthe viewdoints of ease of granul ation

or cr ushFREPIEtEM of usengasagiso heetisedbiny thie present embadimeate! in additiongan
27 dimension is preferably fromO0.1 to 10 mm and nore preferably fromO0.5

to 5 nm argrogio jpolytaripenatestinuthe>folm affi for examplendvastergehenated Oyrindi¢he
following formula (17) is used for the am ne conpound having prinmary am no

groups upsstuctiohsf Gioidings, EuEngs B vholding didl oRgENERIe 16 Hel Gied| B8fetive

(wherein Rl represents a group selected fromthe group consisting of

al i phat i gcIdiRg8 Sor é\%pﬁéel& %%IgEar%Bnﬁ?ésbﬂgb@tté’%&P%ﬁ@@%&g@%ﬁ”@ogﬁw 6

to 20 carbon atons, th ve groups contain an ato m car bon

o, XL 988ed e S BRI Sl el BRI v

ol Qe Vet Bt 5 e s LS BEaRETRRARY ik
powder, glass fibers, stabilizers, UV protectants, lubricants, pigments or dyes, as well
as polymeric blended components using as raw materials thereof styrene,
acrylonitrile or butadiene and the like. In such cases, these aromatic polycarbonates
may be used as is in a state of being contained within a range that does not impair
the essence of the present embodiment, or these aromatic polycarbonates may be
used following the removal of such additives or blended components by suitable
methods. Known methods can be used to remove these additives and the like,
examples of which may include methods such as filtration, membrane separation,
centrifugal separation, precipitation, distillative separation or crystallization in a state
of an aromatic polycarbonate melt or, for example, a solution containing a solvent to
be described later and the aromatic polycarbonate, and methods using adsorptive
separation using, for example, activated charcoal, diatomaceous earth, cellulose or
zeolite.
[0059]

The aromatic polycarbonate used in the present embodiment is preferably used
in a state of being granulated or crushed to a suitable size. From the viewpoint of
allowing the reaction with the polyamine compound to proceed rapidly, the mean
dimension is preferably 10 mm or less, and from the viewpoints of ease of granulation

or crushing and handling ease, preferably 0.5 mm or more. Namely, the mean
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Examples of RL in fornula (17) above may include al kyl groups having 1 to
20 carbon atons and cycl oal kyl groups having 5 to 20 carbon atons, and
exanpl es of such Rl groups may include |inear hydrocarbon groups such as a
met hyl ene, di nethyl ene, trinethyl ene, tetranethyl ene, pentanethyl ene,
hexanet hyl ene or octanet hyl ene group; unsubstituted alicyclic hydrocarbon
gr oups dimensign ig prefpcably Slomdel tacl@ mmanshraore praferably fram 0.5 to1omem.ane or
bi s(cycl ohexyl ) al kane; 28 al kyl -substituted cycl ohexanes such as

met hyl dg06@jpent ane, et hyl cycl opentane, nethyl cycl ohexane (i ncl udi ng

i somers), ethylcycl ohexane (including isoners), propylcyclohexane

(i ncl udi ng «Amirs Chmpotind>cycl ohexane (i ncl uding isoners),
pentyl cycl ohexane (including isomers) or hexyl cycl ohexane (i ncl udi ng

oo Ll ng SRS HRISIATS SRR e IR e
s Iuc Et gsﬂﬁ% q%%c{ ’I:'é/whg ﬁriﬁﬂa er¥ Z"E‘E'W’SQP%P% L%%‘ ET/ %ﬁ%@%gﬁ%&gﬁgﬁ&@ exanes

1,5,5-ﬁbb§tfpylcyclohexane (i ncluding isoners) or
1,5,5-t yl cycl ohexane (including isoners); nonoal kyl -substituted
benzenes such as toluene, ethylbenzene or propyl benzene;
di al kyl -substituted benzenes such as xyl ene, diethyl benzene or
di propyl benzene; and aromati c hydrocarbons such as di phenyl al kane or
benzene. Anong these)egroups such as hexanet hyl ene, phenyl ene,

I/o

diphenylner gq*gé ne, cycl ohexane, xylenyl, nethylcycl ohexane,

i sophorone and\di cC hexyl met hane are used preferably. [0065] Exanples of
such am ne conpounds nBly include aliphatic diam nes such as hexaq¢7ﬁylene
di am ne, 4,4'-nethyl enebi s(cycl ohexyl am ne) (including isoners),

cycl ohexane di am ne (including isoners) or

3-am nonet hyl - 3, 5, 5-tri net hyl cycl ohexyl am ne (including isoners); and
aronati& ﬁtanines such as phenyl ene di am ne (including isomers), toluene
di ani nd ?@ | udi ng

(wherein R’ represents a group selected from the group consisting of aliphatic groups
having 1 to 20 carbon atoms and aromatic groups having 6 to 20 carbon atoms, the
above groups contain an atom selected from carbon and oxygen atoms, and have an
atomic number equal to n, and n represents an integer of 2 to 10}.

[0063]

In formula (17) above, a polyamine compound in which n is 2 or more is used
preferably, and a diamine compound in which n is 2 is used more preferably.
[0064]

Examples of R' in fommula (17) above may include alkyl groups having 1 to 20
carbon atoms and cycloalkyl groups having 5 to 20 carbon atoms, and examples of
such R' groups may include linear hydrocarbon groups such as a methylene,
dimethylene, trimethylene, tetramethylene, pentamethylene, hexamethylene or
octamethylene group; unsubstituted alicyclic hydrocarbon groups such as a
cyclopentane, cyclohexane, cycloheptane, cyclooctane or bis(cyclohexyl)alkane;
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I somers) or 4,4'-methylene dianiline. Anong these, aliphatic diamnes such
as hexanet hyl ene di am ne, 4, 4'-nethyl enebi s(cycl ohexylam ne) (including

i somers), cycl ohexane diam ne (including isomers) or

3-am nonet hyl - 3, 5, 5-tri net hyl cycl ohexyl am ne (including isoners) are used
preferably, hexanethylene diam ne, 4,4'-nethyl enebis(cyclohexylam ne) and
3-am no bsubstibutedt cyglehpyanes | surlk yasinmethyexclopeniane: eetbvévelpagn nex9
[ 0066] <Reaction of Aromatic Pol ycarbonate and Am ne Conpound Havi ng

Pri mary mathyleycdhaxane Nindludiag dseinens)t i ethyileyolohexaned (ricludingr daomes),
bet ween an aromati c pol ycarbonate and an am ne conpound having primry

am no gr propylcyciohegane eimeludiegbasbimery), Butimeibhexanegi Nthoheding diis@mess)! he
react ed conmpounds, the reaction conditions under which the reaction

bet ween péetyRyEIREKENS OliNAIAAIAGNHIERY b heédidiRIoneXBRaY nﬁclhaqu_s&hbm{ y

am no groupS is carried out are such that thé “stiochionmetric ratio of 't he
the. ar oraei+ SiptGtet LiioR e Cubf o BrihpRy oot dinditihe BB o
o easTeRySEIRGRE [fuling it B HirhelbyeiEitiand WRelbfid Sptre) °
Form of EARERBSHGl, "ccrEfoleAngad: t [ ol t#bugh) A SRAmBBIAESaDRar
the am no _groups of the am ne caonpound be as few as possible wi th respect

to car boh&itisthysyclohexanest i . BrEprapyinyelohexapey c inchiding: i isomars) teor

I ncrease the reaction rate and allow the reaction to rapidly be conpleted,

i n consi B&tribatyleyclohexarne §noluding: isomers)r monbalkyk-suhsiitutedt bénzenest such s

nore preferably 0.001 or nore and even nore preferably 0.01 or nore. [0067]
as toluene, ethylbenzene or propylbenzene; dialkyl-substituted benzenes such as
xylene, diethylbenzene or dipropylbenzene; and aromatic hydrocarbons such as
diphenylalkkane or benzene. Among these, groups such as hexamethylene,
phenylene, diphenylmethane, toluene, cyclohexane, xylenyl, methylcyclohexane,
isophorone and dicyclohexylmethane are used preferably.
[0065]

Examples of such amine compounds may include aliphatic diamines such as
hexamethylene diamine, 4,4'-methylenebis(cyclohexylamine) (including isomers),
cyclohexane diamine (including isomers) or
3-aminomethyl-3,5,5-trimethylcyclohexylamine (including isomers), and aromatic
diamines such as phenylene diamine (including isomers), toluene diamine (including
isomers) or 4,4-methylene dianiline. Among these, aliphatic diamines such as
hexamethylene diamine, 4,4'-methylenebis(cyclohexylamine) (including isomers),
cyclohexane diamine (including isomers) or
3-aminomethyl-3,5,5-tfrimethylcyclohexylamine  (including isomers) are used

preferably, hexamethylene diamine, 4,4-methylenebis(cyclohexylamine) and

3-aminomethyl-3,5,5-trimethylcyclohexylamine are used more preferably.
29



The reaction tenperature is generally wwthin a range of fromO to 300C.

Al t hough a high tenperature is preferable in order to increase the reaction
rate, since undesirable reactions nmay occur at high tenperatures, the
reaction tenperature is preferably within a range of from 10C to 250C and
nore preferably within a range of from20C to 200C. A known cool i ng
apparaQQﬁﬁlr heating apparatus may be installed in the reactor used to
carry out the reaction in order to maintain a constant 30 reaction

t enper at ur €Rerebonafédromatic SolycarbonateansehmireiCompoundaiaving Rrinary

at nosphere such as nitrogen, helium argon or neon. In addition, although
varyi némino@Grmodpsg to the types of conpounds used and reaction tenperature,
the reaction may be carried out at decreased pressure, nornal pressure or

i ncreased [Ned®sWre, explarshatidhe i§ eprdvided PO IheT ?eacﬁloﬁeflﬁt@ééu Wht falr@natnéange
of from20 to 1 x 10-6 Pa. There are no particular limtations on th

reacti nd is
Goner Py ohITRnEAS SHAF Birod Eoiriba e@ﬁﬁ%P“"rﬁr%@‘*s%“?%“ﬂééf%%gﬁd
nore pg ﬁI dﬂ'H %{ fromO0.1 to 10 hours In addrtron the reaction can also
be conpl'eted a tter confirmng the formati on of a desired anount of carbamc

acid ester uid chromat for, exa I ng the reaction
M aui .« ntheugllatying Arpnits 15 e daodeR:roBnind, (e Teastoh kendbeRS e
degr ee of Ipd’&%rrerr zation, of aromatic pol%:_@trbonate present in the reaction
i qui dUREe FRatheg reaction hetweenpihe \arpatisy polysartopaig and gtBP pEFRRat i on
chromat ography, or_ the reaction can be conpleted after confirm ng that

am no §PBREYNEndaYing NNTDABE camingu pgronps e ihecarmiedornutmade t sueh pthalctheed

| evel by, for exanple, NVR [0068] 1In the present enbodi nent, a catal yst

i s prestocthdypetrit ratkedf ithe tamsinoegroups rof thet améme chmpaumdata mqocammdb@nat e
and the am ne conpound having primary am no groups. Wen a carbam c acid
est er bende#hatconiprises theesonrticolgcdibbitdte i§ prefenssly witin datnge @hfidm

catal yst during transport of the reaction mxture and a

0.0001 to 2. This stoichiometric ratio is preferably 1 or less, more preferably 0.5 or
less and even more preferably 0.2 or less in order to reduce urea compound
by-products and enhance the yield of the target compound in the form of carbamic
acid ester. In addition, although it is preferable that the amino groups of the amine
compound be as few as possible with respect to carbonate bonds constituting the
aromatic polycarbonate in order to increase the reaction rate and allow the reaction
to rapidly be completed, in consideration of the size of the reactor, the stiochiometric
ratio is more preferably 0.001 or more and even more preferably 0.01 or more.

[0067]

The reaction temperature is generally within a range of from 0 to 300°C.
Although a high temperature is preferable in order to increase the reaction rate, since
undesirable reactions may occur at high temperatures, the reaction temperature is
preferably within a range of from 10°C to 250°C and more preferably within a range
of from 20°C to 200°C. A known cooling apparatus or heating apparatus may be

installed in the reactor used to carry out the reaction in order to maintain a constant
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t hermal deconposition reaction of carbam c acid ester contained in the
reaction mxture to be described later, a tendency may be observed in
which a thermal denaturation reaction and the |ike of the carbamc acid
ester occurs easily. Although a catalyst can be used when carrying out the
reaction between the aromatic polycarbonate and the am ne conpound having
pri mary ERAGHENgiInperatiaies t Thasfeactiopr is Hurefesablyi carmiadctauteimaran dnetiegas|
deconposition reaction can be carried out after 31 going through a step of
r enmovi ngatmespharalsuch, as hitrogees bietismi, argon ionaeeas e In addiien, aithbegh sandngps,
t hereby making this undesirable. However, the use of a catalyst is not
negat ed &ocording o th typesf of compountg ude] anéaehctivh itémpefdiord, therieagtion

time, lowering the reaction tenperature and the like. In general, since

ar omat i Crriy be cafigP vt at eydsedepres8ard, intrinal phédsuib | i iAtidasad §31t1rre],-i,a”

the case of using an aromatic am ne conmpound for the am ne conpound,

use of I Yo=Y fact i | N, f L.0g ak al

exanpl eség qtlgt Iéa(é'.I%;E/:tsiglgi pr?ﬁ%ﬁgcgnb%lle{&&gggv '?rlﬂﬁ #%cﬁ%%e(’fgﬁéfg'ngg t&e{' af Sﬁ?(L)anggtmds
and i nor i C I ) nds: of ti | ea 0 ror titaniu and basic
cat al yst gﬁéﬁc%@éggﬁgﬁwgh@@s éﬂ ﬂ}ff [qgg%ﬂgﬁgﬁg?@sl%qgg Yrpe ! "}a!?"f ﬁaﬁ%f"gtl s
in the formof nethyl ates, ejhylates o butyrate I ncl udi I sqners)  of
lit hi um 2&68 'UH?”%BF%?irﬂnctﬁ qensrally frgey Do fpog%gPUfsAw ffom 0.01
reaction between the aromatic hydroxy conpounds and the am ne conpounds
havi ng pld 4&NPUEHARg rge%e@f%@bﬁfefg@m §ddtoatdheutsan Ipadstition, dae seaction came
presence or absence of solvent, it is preferably carried out in the

pr esencedlsp ke completed, afterdconfirming dihe fathagtiaraof iaedesited amaournt ofocgrbamis
solution in the presence of a solvent. Al though there are no particul ar

limtatiacid ester heliquid ohnomatography, fot bramplé, dbyaampling theeleaction liguids the
pol ycarbonates are preferable, and exanples of solvents that are used

31 ilctes cancedrpot o cnty e el nn
of aromatic polycarbonate present in the reaction liquid has decreased to a
prescribed value by, for example, gel permeation chromatography, or the reaction can
be completed after confirming that amino groups and/or carbonate groups have been
consumed to a prescribed level by, for example, NMR.

[0068]

In the present embodiment, a catalyst is preferably not used in the reaction
between the aromatic polycarbonate and the amine compound having primary amino
groups. When a carbamic acid ester is heated in the presence of a metal
component derived from a catalyst during transport of the reaction mixture and a
thermal decomposition reaction of carbamic acid ester contained in the reaction
mixture to be described later, a tendency may be observed in which a thermal
denaturation reaction and the like of the carbamic acid ester occurs easily. Although
a catalyst can be used when carrying out the reaction between the aromatic

polycarbonate and the amine compound having primary amino groups, and transfer

of the reaction mixture and a thermal decomposition reaction can be carried out after
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(i ncluding isoners), di(ethyl phenyl) ether (including isonmers) or

di (propyl phenyl) ether; aromatic hydrocarbons such as benzene, toluene or
xyl ene (including isonmers); aronmatic hydroxy conpounds such as phenol; and
hal ogen conmpounds such as nethyl ene chloride, chloroform carbon

tetrachl oride or chlorobenzene. Anobng these, aromatic hydroxy conpounds
are nor egdpier dirapgh aister afhnedag the catalyst, thisresuits in @l increasenin dbeand
the carbamc acid ester formed, and 32 denonstrate the effect of inhibiting
t he occunumbes of Stapse threrebyl enakting this andesieallleons on the carbamic acid
ester formed as will be described |ater. [0070) More preferably, the

sol vent is aHowevst theluss 6Maicatalipstds mey negate fo th@@%iﬁ&@oﬁéﬁ?ﬂ?@ﬁhy%éxw
group directly bonded to the aromatic hydrocarbon ring constituting the

ar omat i C répidlioR i é@l?&??b%ﬁod'ﬂftﬁﬁ%lgﬂ\cﬁréﬁn rtﬁg%é&idgyférn%fatﬁefmﬁ@@ &Y g

two or more hydroxyl g ps bonde IreCtly to the aromatic ydrocar bon
ar onat | cORyaFy e forfint Bie BHBIHaF REVE S ReRBCBONER ARfRuE 3ppiRes.
enbodi mept . since fher e are cases in which thﬁ Vi gfosi t.%%of t he aok ution
i ncr easel! fN§ cagR0f Using; 4 afpalie ARG CorpRYNd Jop BiS, anting, GaMPolng. MeUssi ne
conpound, .t hi P?%%i?e a decrease in reaction efficiency or a_decrease

in effi cPEAGHEA iveg In the casg el using @ catalyst.iaxamples of catalysts

| ater. [0071] An aromatic hydroxy conpound having at |east one substituent

R2 as rHatctamte wsed Heay onclwdengraanieumetal 1 epmpoupdef andibherganic tmetal

nonoval ent aromati ¢ hydroxy conpound nenti oned above: [0072] OH A R2
compounds of tin, lead, copper or titanium, and basic catalysts such as alcoholates of
alkaline metals or alkaline earth metals in the form of methylates, ethylates or
butyrates (including isomers) of lithium, sodium, potassium, calcium or barium.
[0069]

Although the reaction between the aromatic hydroxy compounds and the amine

compounds having primary amino groups as described above can be carried out in
the presence or absence of solvent, it is preferably carried out in the presence of a
solvent, and more preferably carried out in a homogeneous solution in the presence
of a solvent. Although there are no particular limitations on the solvent, solvents that
dissolve or swell aromatic polycarbonates are preferable, and examples of solvents
that are used preferably may include aliphatic ethers such as tetrahydrofuran or
1,4-dioxane; aromatic ethers such as diphenyl ether, di(methylphenyl) ether
(including isomers), di(ethylphenyl) ether (including isomers) or di(propylphenyl)
ether; aromatic hydrocarbons such as benzene, toluene or xylene (including
isomers), aromatic hydroxy compounds such as phenol; and halogen compounds
such as methylene chloride, chloroform, carbon tetrachloride or chlorobenzene.

Among these, aromatic hydroxy compounds are more preferable since they easily

dissolve aromatic polycarbonates and the carbamic acid ester formed, and
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(18) [0073] (wherein ring A represents an aromatic hydrocarbon ring which
has 6 to 20 carbon atons, and which may have a subsituent, and the ring A
may be a nonocyclic or 33 heterocyclic ring, R2 represents an aliphatic
group having I to 20 car bon atons, an aliphatic al koxy group having 1 to
20 carbon atons, an aryl group havi ng 6 to 20 carbon atons, an aryl oxy

group h&emansiate the eﬁaaib@fnmathmm thenogeurrene of thesmakdenaturation seactioasbon
atons or an aral kyl oxy group having 7 to 20 carbon atons, the above groups
cont ai n oarthetcanbaroiccacid estardomoed agwill pecteseribed lafenf car bon, oxygen and
nitrogen atons, and R2 may bond with Ato forma ring structure). [0074]
Exanpl e$0@f0JR2 in fornula (18) above may include aliphatic alkyl groups in
whi ch the nunber of carbon atons constituting the group is a nunber

sel ected frowrd pre@eitsly, Othd 'somehttia aomo'i%ﬁ‘vﬁle@lﬁ &oﬁﬁtﬁyhyﬂfdwpcoﬁboﬂhbw
group, a propyl group ¥|nc | uding isonmers), a butyl group” (inClud |ng

| comer o VRGh TS hER 'ﬁﬁtﬂﬂidﬁ%cf' oners% e S e oAbt i
 somer 2%%%@@*3%091'@ Sé*ﬁu%ﬂ?c e R aitigton? %ﬁd%wfw ﬂﬁoﬁgér%

St oo EBMPOLDG: MaYherwd i mors. hyiind otk BoRded <ifRtiv O B1es HpmatEm 1
to 20, such as a methox rou an et hoxy group, a propoxy grou

(i ncl udhydracaghen &ing @"l‘ﬁ){ﬂlalﬂgx e aiomatiq hyrrowy iGRPaIEFan also P@n@%ﬂ%i‘?

group (i ncl udi n% i sonmers), a hexyloxy group (including isoners), a
hept yl oR @romatici rlwﬂmﬁyng:dmmnt)cormudmgyltbey cgmpasitiqn nefi dhe ngresent
i somers), a nonyloxy group (including isomers), a decyl oxy group
(i ncl udempddioent, Sinceathdee Bre cases nuwhichnthewdscesitysafrthe Sojutiondindrases iy
group
the reaction between the aromatic polycarbonate and the amine compound, this may
cause a decrease in reaction efficiency or a decrease in efficiency when transferring
the reaction solution to be described later.
[0071]
An aromatic hydroxy compound having at least one substituent R2 as
represented by the following formula (18) is preferable for the monovalent aromatic
hydroxy compound mentioned above:

[0072]

OH

R2
(18)
[0073]
(wherein ring A represents an aromatic hydrocarbon ring which has 6 to 20 carbon

atoms, and which may have a subsituent, and the ring A may be a monocyclic or
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(i ncluding isoners) or an octadecyl oxy group (including isonmers); aryl
groups in which the nunber of carbon atons constituting the group is from
6 to 20, such as a phenyl group, a nethyl phenyl group (including isoners),
an et hyl phenyl group (including isoners), a propyl phenyl group (including
isoners% a butylphenyl group 34 (including isomers), a pentyl phenyl group
(includ ﬁ F@Q a hexyl phenyl group (including isoners), a
heptylphenyl Jgroup (including isonmers), an octyl phenyl group (including

i soners), aRforsnresents| amradippatic grouni hagnmgdrrms?p carbgec gigmhaingn ajiphatic
(including isoners), a biphenyl group (including isoners), a dinethyl phenyl

group @lkoxyugionp havngrslo 20 dadidmy afdms,y &n garlgligrdup) blavitigng tios 26esarbon a
di propyl phenyl group (including isoners), a dibutylphenyl group (including

i soner s htorAs AArPaRo%ygrenp! haﬁh?'@ to @ONsHrboh Btorns Oéi?éﬁélkyl@rduﬁ fEVINgERY 20

group (including isoners heptyl phenyl  group (including |soners) a

t er phenyhrggnoatentd BPE @ré] rﬁg[?% ha@m ry f@?hﬂa%’&%fomgrtﬁé%ﬂdv@%

i somers), a trlethylp eny I ncl uding I'soners), a tripropy

group ( b | cl

aryl oxybéﬁ%&*ﬁé“?atb@ﬁgaﬁﬁhd‘éﬁ%@n@erW%ﬁ%ﬂ@[§ﬁ§a®8ﬁ3t pfer fﬁﬁﬁgr Bup
Is fromp to 20 uch rou | phenoxy group (1 ncluding
|sorrers??°m§fr?r5:l ﬁymﬁye %"@“@B%%M Bgﬁgf” rs), a propyl phenoxy group
(i ncl Udt@% i somers), a butyl phenoxy group (including isoners), a

pentyl p 6‘>1y group (including isoners), a hexyl phenoxy group (including

| soners), a heptylpheno§y roup i ncludi ng isoners), an octyl phenoxy group
(i ncl udi ng iExemnies of aRnamyppnelacils) @bqugoniammMm@hpbmr%syl groups in

decyl phenoxy group (including isoners), a phenyl phenoxy group (including

i somer syhich theneumbep bé casbornyatoms (:bmtitutirnmgwe groueissa humbir eseltgdtedh droox y
group (including isoners), a dipropyl phenoxy group (including isoners), a

di but yl pitegersyofofronp 1(ion20uducty assanmaethyl grogh pPantethhgroupy a prdpw group
(i ncluding isoners), a dihexyl phenoxy group (including isoners),

?: Egloh é,k'ﬁg@am@/ ishrAeR), ( anBLiMigiBup SGR@OGihg RofietSENN | PERPPEYoEs C(Hﬂ:ludlng
isomers), a hexyl group (including isomers), a heptyl group (including isomers), an
octyl group (including isomers), a nonyl group (including isomers), a decyl group
(including isomers), a dodecyl group (including isomers) or an octadecyl group
(including isomers); aliphatic alkoxy groups in which the number of carbon atoms
constituting the group is a number selected from integers of from 1 to 20, such as a
methoxy group, an ethoxy group, a propoxy group (including isomers), a butyloxy
group (including isomers), a pentyloxy group (including isomers), a hexyloxy group
(including isomers), a heptyloxy group (including isomers), an octyloxy group
(including isomers), a nonyloxy group (including isomers), a decyloxy group
(including isomers), a decyloxy group (including isomers), a dodecyloxy group
(including isomers) or an octadecyloxy group (including isomers); aryl groups in
which the number of carbon atoms constituting the group is from 6 to 20, such as a
phenyl group, a methylphenyl group (including isomers), an ethylphenyl group

(including isomers), a propylphenyl group (including isomers), a butylpheny! group
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I somers), a trimethyl phenoxy group (including isoners), a triethyl phenoxy
group (including isonmers), a tripropyl phenoxy group (including isomers) or
a tributyl phenoxy group (including isomers); aralkyl groups in which the
nunber of carbon atons constltutlng the group is from7 to 20, such as a
phenyl met hyl group, a phenyl ethyl 35 roup (i ncl uding

pheny| fRelpdinggisemers). i Peavipheryd @seup | lr&l%@awwew ag‘?@&&"’(ﬁﬂ%l%ﬂﬁ%g

i somers), a phenyl pentyl group (including isoners), a phenyhhexyl group

(i ncl ubihelydingoisomers), ;a peptyiphanyl group dopluging isemners).i e wetydpheny! group
phenyl octyl group (including isomers) or a phenyl nonyl group (including

i somer @hcluding moatérs), caxnonyiphenyl grouhi(inkludiregg isorhers),08 devyipieryl greup

constituting the group is from?7 to 20, such as a phenyl net hoxy group, a

phenyl ghbladihgd rsléhﬁbr‘s) ng | Bighéyyl i Grotpr ﬁaelu@ingpul@emér@)r P imsthylshahyl @rogp udi ng

i somers), a phenyl but'yl oxy group (1 ncl udlng |soners a phenylpentyloxy
SLgﬁlﬁ. OB et B ety PreRg Yo Udting iters L%‘?iwﬁg???ﬁ?w

75
(E'xQﬁpfﬂhﬁ*%f*‘n%qﬁéﬁ@ﬂﬁ5@?@&@2\%@@%&%@#@% '#gﬁﬁﬁi"éﬂﬁéﬁ'ﬁﬁﬁéﬁ' g
"o IS s DR oo TR, Rool bR
ring, an az Iene ri a he tal ene ring, an indacene rjn a b| | ene
i g, GFoUR LRGRing IRBMSTE). % teinentt BEh ADRURING: [ogvarmly S methyipheny!

acephenant hryl ene ring, while preferable exanples may include rings
sel ect U ofinchiding olgProensdi s nigieghylphesyi z groupi nincladingphisemersk: @i ng
and an anthracene ring. In addition, these rings may have a substituent

ot her triprapylphenyib greupre (inclading F@omemamnirea dfibutyiptienyhygroupl (pheludinghat i c
al kyl groups in which the nunber of carbon atons constituting the group is

a nunbiyonsertR cirgidxy igroumd M whithsthefnumisen 8f déarbah atems ftonstitutingtthe lgreupup,

an ethyl group, a propyl group (including isonmers), a butyl group

(i ncl Ul fémi & RITBO S3uchPad 8 'Phenoty @rdup,| dAletsYIPSenoxy group (including isomers),
an ethylphenoxy group (including isomers), a propylphenoxy group (including
isomers), a butylphenoxy group (including isomers), a pentylphenoxy group (including
isomers), a hexylphenoxy group (including isomers), a heptylphenoxy group
(including isomers), an octylphenoxy group (including isomers), a nonylphenoxy
group (including isomers), a decylphenoxy group (including isomers), a
phenylphenoxy group (including isomers), a dimethylphenoxy group (including
isomers), a diethylphenoxy group (including isomers), a dipropylphenoxy group
(including isomers), a dibutylphenoxy group (including isomers), a dipentylphenoxy
group (including isomers), a dihexylphenoxy group (including isomers), a
diheptylphenoxy group (including isomers), a diphenylphenoxy group (including
isomers), a trimethylphenoxy group (including isomers), a triethylphenoxy group
(including isomers), a tripropylphenoxy group (including isomers) or a tributylphenoxy

group (including isomers); aralkyl groups in which the number of carbon atoms

constituting the group is from 7 to 20, such as a phenylmethyl group, a phenylethyl
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I somers), a hexyl group (including isoners), a heptyl group (including

I soners), an octyl group (including isoners), a nonyl group (including

i somers), a decyl group (including isonmers), a dodecyl group (including

i somers) or an octadecyl group (including isoners); aliphatic al koxy
groups in which the nunber of carbon atons 36 constituting the group is
nunber s@IokE: daciding isemaje), 8 phenyiprepyligroap, (irgleding Jsemers mnpegylbutyl an
et hoxy group, a propoxy group (including isonmers), a butyloxy group

(i ncl udi grpupsneluging sopens) | phegylpeptyt ignomplc(inngdim)M¢f,s).aaWthxyl
group (including isoners), a heptyloxy group (including isonmers), an

oct yl oxyg@upuinciuding isdmigs), s® phenylheptyl roLpxinduding isbmers)dizn phesgloetys) .

a decyl oxy group (|nclud|ng i somers), a dodecyl oxy group (including

| soner s) g r
i o ¢ WP AGARCICEIS ot L BRenfinORYTo0R (RATAAG tsore): i 4Rl

h I
ot hyl pheaiRs i bR e e o £aiBBK atdir: Eortoefifire tredrs @‘*quﬁﬁaﬁ“
' byt | ud h
(ot o MRS nelp S Ot BN o
i sgmgr E) %ﬂwgf ndfoydp oﬂﬁc(’pmﬂ JBAPRETS) s%nﬁ%?ﬁ?'g M‘@&/ fﬁ'EHI(']yR'"SMﬂQq
(1 ncludi ng |soners) a bi phenyl group, (|nclud|ng | sonmers),
di net hy! iSREWEFS). g@ oﬂ'ﬂﬁW‘ﬂ%’ﬂtMlﬁngm%ﬁmlu iRg ds@mys)prﬁsrﬁherymwlowu GEPURIi ng
I soners), a dipropyl phenyl group (including isoners), a dibutyl phenyl group

(i ncl udi tigcludiogeissmera).cﬁ postylhghbgy rquno(iocmdlngjismg'le‘rshnaermw,rwymctyloxy
di hexyl phenyl group (including isomers), a diheptyl phenyl group (including

| somer s) groapt (vghirting lisorges) er @i phenythonyloxyagreup Xincluding sohiarsphenyl group
(including isoners), a triethylphenyl group (including isoners), a
tripropyjogrepyl group (including isoners) or a tributylphenyl group
(including isoners); aryloxy groups in which the nunber of carbon atons

Cor vy ohenadlARYASS i [ O Briietor 4hud B PRERON 0L MR g,
| SOMEr'S) paphthalene ring, an anthracene ring, a phenanthracene ring, a naphthacene ring, a
chrysene ring, a pyrene ring, a triphenylene ring, a pentalene ring, an azulene ring, a
heptalene ring, an indacene ring, a biphenylene ring, an acenaphthylene ring, an
aceanthrylene ring and an acephenanthrylene ring, while preferable examples may
include rings selected from the group consisting of a benzene ring, a naphthalene
ring and an anthracene ring. In addition, these rings may have a substituent other
than the above-mentioned R?, examples of which may include aliphatic alkyl groups
in which the number of carbon atoms constituting the group is a number selected
from integers of from 1 to 20, such as a methyl group, an ethyl group, a propyl group
(including isomers), a butyl group (including isomers), a pentyl group (including
isomers), a hexyl group (including isomers), a heptyl group (including isomers), an
octyl group (including isomers), a nonyl group (including isomers), a decyl group
(including isomers), a dodecyl group (including isomers) or an octadecyl group

(including isomers); aliphatic alkoxy groups in which the number of carbon atoms
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a propyl phenoxy group (including isoners), a butyl phenoxy group (including
I soners), a pentyl phenoxy group (including isoners), a hexyl phenoxy group
(including isoners), a heptyl phenoxy group (including isoners), an

octyl phenoxy group (including isoners), a nonyl phenoxy group (including

I somers), a decyl phenoxy group (includin 37 isoners a phenyl phenoxy
group (i ﬁerlﬁ*dwhég itk SEPUD Is @ numkenselested Jrgm detegers 9} fremudita20, sesbras a a
di et hyl phenoxy group (including isonmers), a dipropyl phenoxy group

(i ncl udi methexymareyp, an dthoxy gpdtm o yprgpoxy geour l(indiuding ssoreers),, asbutyloxy
di pentyl phenoxy group (including isoners), a di hexyl phenoxy group

(i ncl udi ggoup tincieding isomersk d Yepbhdmox grau incliding isdniers), s Wekgibxy Yroup
di phenyl phenoxy group (including isoners), a trinethyl phenoxy group

(i ncl udi (igclugmiEeisdmers)! 4 chéptyloRy Ngioup %ﬁrﬁit%iﬁé“%bﬁi&r@ﬂ hﬁOEeQﬁa roup

t{hg{ﬁgylphenoxyrgrpup é:ncludlng ;spner ) or.a trlbutyLFheno y droup
E:onst it u{“ iﬁﬁllg'jlat e '3%%’3? )l' sg¥b8ﬁ¥tgkfogg%{%ﬁh%§6a%?'mﬂ hy Vgir;@’ug’{ggﬁ

" camr ) OneuBRofiehD, AU RBRRTTBln RRETHsPORL ofhR KEtalsRyhy ' eun
pheny! nePPghORRERRMerd: AR ERUPS P g mumiser st tyon 05 Sonmiivtis e

I somers) or a, E@B%/I nonyl group (including isonmers); and aral kyl oqud?r oups

in whi ch9fQHp B o 20 ichags @ Ryt Brenn.ng mathyipheny! igsoup dincluding
20, such as a ﬁhenylnethox group, a phenyl et hoxy group (i ncl uding

i somer s) Isomersheaty BEipenyk group dipcluding istimeys),sa peopyiphenyl igrayp Hinciuding

group (including isoners), a phenylpentyloxy group (including isoners), a

pheny| heispmers),ga duylpliemyd| groupg(incloding sisomergh en pehtshdnyk \graup (including

(i ncluding isoners), a phenyloctyloxy group (including isoners) or a

phenyl noispimerg), oi teylphealugiow (iSEI0EINY isohfigP]a hElEIFRGT Yrosy ¢ihcluding

nonoval ent aromati c hydroxy conmpounds may include nono-substituted phenol s

such as goaists), 4 oliipheiN Yrolp TRICHHING idstRER) S nonylpheny! group (including
isomers), a decylphenyl group (including isomers), a biphenyl group (including
isomers), a dimethylpheny! group (including isomers), a diethylphenyl group
(including isomers), a dipropylphenyl group (including isomers), a dibutylphenyl group
(including isomers), a dipentylphenyl group (including isomers), a dihexylphenyl
group (including isomers), a diheptylphenyl group (including isomers), a terphenyl
group (including isomers), a ftrimethylphenyl group (including isomers), a
triethylphenyl group (including isomers), a tripropylphenyl group (including isomers)
or a tributylphenyl group (including isomers); aryloxy groups in which the number of
carbon atoms constituting the group is from 6 to 20, such as a phenoxy group, a
methylphenoxy group (including isomers), an ethylphenoxy group (including isomers),
a propy'phenoxy group (including isomers), a butylphenoxy group (including isomers),
a pentylphenoxy group (including isomers), a hexylphenoxy group (including isomers),
a heptylphenoxy group (including isomers), an octylphenoxy group (including

isomers), a nonylphenoxy group (including isomers), a decylphenoxy group (including
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et hyl - phenol (including isoners), propyl-phenol (including isoners),
butyl - phenol (including isoners), pentyl-phenol (including isoners),
hexyl - phenol (including isoners), heptyl-phenol (including isoners),
octyl - phenol (including isoners), nonyl-phenol (including isoners),
decyl - phenol (including isoners), dodecyl-phenol 38 (includi | sonmers),
pheny| - pRORAIS).i ﬁcpnenﬂahea@%wup plinckeding nisamers), na| dimeth vlpggam group
cunyl - phenol (including isonmers); di-substituted phenols such as

di et hy! {ipaluding isomeralii a glietbyiphesdxy greupmyinchiding isqraexs),uai digropytphensxy

di propyl - phenol (including isoners), dibutyl-phenol (including isoners),
di pent y| gpdugnolin¢iudingudisognersimea s dibutiylphepoxy hgrolip ( ijincludihigng isomens),s) a
di heptyl - phenol (including isoners), dioctyl-phenol (including isoners),

di nony! - gipemip merﬁm&wcgragpl HABRILING @o.%ﬁsol -ahane bh&ﬁbwd 8ups (iisding

di dodecyl - phenol (i ncl'udi ng i somers), diphenyl - phenol |nclud|ng | sonmers),

ﬁ%?ﬂsroét hyl - Leno({Ii %Pﬁﬁ}%ﬂﬁg ?soke |ﬂ§:lﬁﬂm ||"|y| prb)pyl H'Bh glpﬂf éﬁp
1 SN ?ﬁ’?ﬁﬁ’?i?ﬁ‘@%*%eﬁf”é*“"”“lg‘iiﬁ
i somgrs) P%é’( f{ihéﬁr'@ﬂ % FEPLQRY, q@&eﬂé %H@' eﬂblag
(1 ncl udi ﬁ EE met hyI dodecyl phenol (including, i sorrerég\ _

met hy! - &A&WP 8RN areuR iinglucing Jdsereess); aralkvly grqumsn ik yitieh dhe (nurpberofig
| sorrers) met hyl - cunyl - phenol (i ncluding isoners), ethyl-propyl-phenol

(i ncl udi Aarboacafems) conssitutng thetgrouplie from 7ita @0, suioky assopberyimethyl group, a

et hyl - pentyl - phenol (i ncluding isoners), ethyl-hexyl-phenol (including
i somer s) phenylgthvhgpoyp (inchiding (Someéns)l agphermtpmp?l, groeiph{ihelading isohears), a

(i ncluding isoners), ethyl-nonyl-phenol (including isoners),

et hyl - dephénylbetybigréum ¢inglliding lisomerss) a hdhiyipstgiegidupplieaiating Bomets)ta

i somers), ethyl-phenyl-phenol (including isoners), ethyl- phenoxyphenol

I(o Ir gg;rdbgtﬂgr?yﬂgﬁﬁl]?rouﬁ(gﬁwu%?sﬁg rl?’ésrg%gsﬁ)”%' plﬁér‘i&ﬂl‘méﬂwgrduipﬁﬁéﬁhmg isomers), a
phenyloctyl group (including isomers) or a phenylnonyl group (including isomers); and
aralkyloxy groups in which the number of carbon atoms constituting the group is from
7 to 20, such as a phenylmethoxy group, a phenylethoxy group (including isomers), a
phenyipropyloxy group (inciuding isomers), a phenyibutyloxy group (including
isomers), a phenylpentyloxy group (including isomers), a phenylhexyloxy group
{(including isomers), a phenylheptyloxy group (including isomers), a phenyloctyloxy
group (including isomers) or a phenylnonyloxy group (including isomers).

[0076]

Examples of such monovalent aromatic hydroxy compounds may inciude
mono-substituted phenols such as phenol, methyl-phenol (including isomers),
ethyl-phenol (including isomers), propyl-phenol (including isomers), butyl-phenol
(including isomers), pentyl-phencl (including isomers), hexyl-phenol (including
isomers), heptyl-phenol (including isomers), octyl-phenol ({including isomers),

nonyl-phenol (including isomers), decyl-phenol (including isomers), dodecyl-phenol
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propyl - pentyl - phenol (including isoners), propyl-hexyl-phenol (including

I soners), propyl-heptyl-phenol (including isoners), propyl-octyl-phenol

(i ncluding isoners), propyl-nonyl-phenol (including isoners),

propyl -decyl - phenol (including isoners), propyl- dodecyl phenol (i ncluding
I somers), propyl.-phenyl-phenol (including isoners),

propy! - mﬁ@m Heamers), rehenyi-phenab feciuding iepmersy rahenpmpmnqh fiaciudingg

i somers), butyl -pentyl - phenol (|nclud|ng i somers), butyl-hexyl - phenol

(i ncl udiisrynea)rmrsy:umybphgmelhéincmrpgwdsomm)ncdhsmbsjitmtedmrmhpls such as
butyl - octyl - phenol (including isomers), butyl-nonyl-phenol (including

i soner s)dimethy-pheaol | - (ihelnding( | Nisbrirgly i erlsbhendwt Yincilelieg y| isoneers),

(includlng i sonmers), butyl-phenyl -phenol (including isoners),

but yI - phmepyRpRER (I(Imdmuihgg iSOMBFS) - BIBUI-pHERY! - PRIRBRIdIAG NCiséihérs),

| sonmers), pentyl hex phenol (1 ncluding 1 soners), pentyl hept yl - phenal

g)leﬂf;/rdlnonyr?t?gﬁ%'ﬁ% OI(|(ncl #%Scﬁés’dgnn%% Zmdﬁbpﬁﬁﬁg&{b@yl pheno ggl n(ﬁlm%:?ig I
'(.S‘SZF;JZ?O'A@@@Q%@ eﬁétg@ﬁ‘ﬁﬁ a%éz@%#ﬁngi‘ﬂmci@%‘ﬁwn#b Eﬁﬁ@%gﬁ e“élé dé) o
Pi%s)&rﬁgm%ﬁﬂﬁtt (gl [sRTaTa.ng ddecumly @neﬂgma | piRomRTS).

(i ncl ud | somers), hexyl -decyl - phenol él ncl ud| ng | soners

hexyl - QY| REﬁB‘P' Kw&?ﬁs’mmg fﬁ@'@ﬁéﬁ)s) 'Ph@&%ﬂ'}ﬂmhyl(lml'éﬂbg (iSOENR8lng

|soners) hexyl henoxyphenol (i ncluding isoners), hexyl-cunyl-phenol

(i ncl udidighensxyphenol hdimcluding t yisopiessll  dicuoiykghegol sdinaleding  isomers),
hept yl - nonyl - phenol (including isoners), heptyl-decyl -phenol (including

i soner s)methigkethyl-pHeniaic fihelndingo isdmers) u dnetbyl-sropyk-phendl e(itgllidinlge isomersi nol
(i ncluding isoners), heptyl-phenoxyphenol (including isoners),

hept yl - ehethy-BigRphedoingholddng isomersy) metﬁwt;yéntppﬁwéndrh@mhdmgn@o%rag

i somers), octyl-decyl-phenol (including isoners octyl - dodecyl - pheno
Tty st (i s i B BTG er.
'(Is‘r)]gf[]zm%thpp%;-gﬁg& BRENAIng! idihEfl NInbHBIITRERNpHENYY | GR9GGRY! iRRRIS),
methyl-decyl-phenol (including isomers), methyl-dodecyl-phenol (including isomers),
methyl-phenyl-phenol (including isomers), methyl-phenoxyphenal (including isomers),
methyi-cumyl-phenol (including isomers), ethyl-propyl-phenol (inciuding isomers),
ethyl-butyl-phenol (including isomers), ethyl-pentyl-phenol (including isomers),
ethyl-hexyl-phenol (including isomers), ethyl-heptyl-phenol (including isomers),
ethyl-octyl-phenol (including isomers), ethyl-nonyl-phenol (including isomers),
ethyl-decyl-phenol (including isomers), ethyl-dodecyl-phenol (including isomers),
ethyl-phenyl-phenol (including isomers), ethyl-phenoxyphenol (including isomers),
ethyl-cumyl-phenol (including isomers), propyl-butyl-phenol (including isomers),
propyl-pentyl-phenol (including isomers), propyl-hexyl-phenol (including isomers),
propyl-heptyl-phenol (including isomers), propyl-octyl-phenol (including isomers),
propyl-nonyl-phenol (including isomers), propyl-decyl-phenol (including isomers),

propyl-dodecyl-phenol (including isomers), propyl-phenyl-phenoi (inciuding isomers),
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nonyl - phenyl - phenol (i ncluding isoners), nonyl-phenoxyphenol (i ncluding

I soners), nonyl-cunyl -phenol (including isoners), dodecyl -phenyl - phenol

(i ncluding isoners), dodecyl-phenoxyphenol (including isoners) or

dodecyl - cunyl-phenol (1 ncluding |soners) and tri-substituted phenols such
as trinethyl - phenol (|nclud|ng I, Somer s) 40 tri et hyl - phenol (i ncl uding

i somer ewpﬁ( Phsn@@gn aneb (Bcluding: iISRmers). Bmkgymyl-mmh (includieg Jsomersh udi ng
i somers), tripentyl-phenol (including isoners), trihexyl-phenol (including
i somer bytyl-pentybphenobHinmudipgndsaroers), i Butykhexyl-phenobc fipelugingn dsomers)l udi ng
I somers), trinonyl-phenol (including isoners), tridecyl-phenol (including
i soner bmtyl-heptyd}ﬂbembl- piiwciodingi risdbmers)g batyechj-phenobhéingtLidipige nebmers),
(including isomers), triphenoxyphenol (including isoners), tricunyl-phenol

(' ncl udutybnbAgiNsHienol  (cIRKvY | isdihers),p Lddd héﬁbﬂggnaadhgs):somers)
di et hyl - propyl - phenol (i ncluding isoners |nethyl ut yl - phenol

)t L SRoBEON el (Al PP St piingd (AT fpmer).
(e nHhehSrERRRtme (it B anb, By ERHROR SATIE igpmers
6 ﬁlgdfsﬁg%réi,Eaasg?heﬁw;pgwegﬂ-@ﬁ@ﬁg%mem
1 5o e ks, B e,

(i ncluding isoners), diethyl-butyl-phenol (including isoners)

di et hypephdocyhahensl (inchuidingiisenees) mpesiyl-dedecyhpheanst (ingkding| isomier®l udi ng
i somers), diethyl-heptyl-phenol (including isoners), diethyl-octyl-phenol

(i ncl unenm-pbemrlﬂﬂ'yenodii(iachrylling1imydterphep@tyl(prnmmphgnolsmréudmg isomers),

di et hyl - decyl - phenol (i ncluding isoners), diethyl-dodecyl-phenol

(i ncl upentyl-cemykpsénold (lﬁblﬂﬂinép hsowibrg) helvendyl-héptyb-pHeholg (ingluding )isomers),
di et hyl - phenoxyphenol (including isoners), diethyl-cunyl-phenol (including

| soner fg mjdaﬂ:mdnonehhwhdmgerﬁ@bn@@cl tnékngqdraﬁméﬁbl (ilhémemgl -i§bMgrs)phenol
(|nclud|ng | soners), dipropyl - buty phenol (i ncl uding 1| somer

di

(: ﬁ;?ﬂﬁ%ﬁﬁ%@%ﬁ" Inglpgp rﬁ?rs ‘P{}Eﬁkﬁ%odé’dﬁ?bﬂ@%bf Qﬁ?&ddr@‘%&‘ners)

hexyl-phenyl-phencl (including isomers), hexyl-phenoxyphenol (including isomers),
hexyl-cumyl-phenol (including isomers), heptyl-octyl-phenol (including isomers),
heptyl-nonyl-phenol (including isomers), heptyl-decyl-phenol (including isomers),
heptyl-dodecyl-phenol (including isomers), heptyl-phenyl-phenol (including isomers),
heptyl-phenoxyphenol (including isomers), heptyl-cumyl-phenoi (including isomers),
octyl-nonyl-phenol (including isomers), octyi-decyl-phenol (including isomers),
octyl-dodecyl-phenol (including isomers), octyl-phenyl-phenol (including isomers),
octyl-phenoxyphenol (including isomers), octyl-cumyl-phenol (including isomers),
nonyl-decyl-phenol (including isomers), nonyl-dodecyl-phenol (including isomers),
nonyl-phenyl-phenol (including isomers), nonyl-phenoxyphenol (including isomers),
nonyl-cumyl-phenol (including isomers), dodecyl-phenyl-phenoi (including isomers),
dodecyl-phenoxyphenol (including isomers) or dodecyl-cumyl-phenol (including

isomers); and tri-substituted phenols such as trimethyl-phenol (including isomers),
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(i ncluding isoners), dipropyl-octyl-phenol (including isoners),

di propyl - nonyl - phenol (i ncluding isoners), dipropyl-decyl-phenol

(i ncluding isoners), dipropyl-dodecyl -phenol (including isoners),

di propyl - phenyl - phenol (including isoners), dipropyl-phenoxyphenol

(1 ncl udi | sopers), dipr | - cunyl - phenol 41 (including isoners),

di but yl -tﬂgmﬁ-ﬂgﬂ%m 8’@&1’1‘3‘?‘5& H§OMesHer s friprapphiphenadt hy(ingitding!  igomelsydi ng
i somers),,. dhgu yl - propyl - phenol (i ncluding isoners), dibutyl-pentyl-phenol
(i ncl uditHB” Bhenal) | &'QIU@IW- heggmepsienolrigentglphibneg | (imetuding  isomers),

di butyl - heptyl - phenol (including isoners), dibutyl-octyl-phenol (including
i somer s)rhexylphenohonfincipdingol isbimers)di Ilﬂ'lélﬂgpﬂi@')oi di(metudinglec Woméieyo!

(i ncluding isoners), dibutyl-dodecyl -phenol i ncludi ng i soners),

di but y| tpbetylphera (mcluding Isaﬁhérﬁ),itﬁﬁﬁﬁyl%:l)he(r@il HH&IHHE@?ﬁBR?é\‘thrFUécyI-phenol

(i ncluding isoners), dibutyl-cunyl-pheno i ncl udi I soners

di t yl{inchidiyg iSUnesre), tridt ' ' i tyl. - 1 I .

(: ﬁglnuéi(ng i slomtar s), %itﬂggtafu - rh%gﬂ ﬁﬁﬁgﬁ@’ Is?h%c uﬁ%@*"i‘bﬁg%?@"c‘wmg
di tyli - j ' I dj tyl-h l,.- | |

(i el udr et BmeRoxpeendrihding Wit bRiBhtange! soRiang somers)
di | P 0G| Ldi ' S) ., di | - | - ph I

(i el uarmRetng B 8Renof iRl itbme Bicsiatetny P uphenal dorkicing isomers),
di tylg | - ph |, (incl.udi, ' | di tyl -ph | - ph I

(i el G EREPR oL eliaing ioatsa: sty pentcahanol (solueing isomers),
di pentyl:cu L- h%n | (including isomers), dihexyl-nethyl-phenol (including
i soner stmaI%r -I?gw I freluging(isamens), dinethyhbeptyl-phenabdriciuding yéorne)o!
(1 ncl uding isoners%é di hexyl - butyl - phenol (i ncluding isoners),

di hexy! djseethyl-ogibendli (naluding dsomersyedimethyli-enyriohlepi fihciDBmgCkomers),

(i ncluding isoners), dihexyl-octyl-phenol (including isoners),

di hexy! difaetyl- hegibhc I(indluing di fﬁ*ﬂ% | '
i hexy i l-geeytkpheqohc I(indluding SagEners), ld'ﬂﬁétﬂyl-@@ﬁégyll exylipgg{%w%ng

i somers), dihexyl-dodecyl -phenol (including isoners), enol

(i ncl udisogersynedislethyli l-pRESHIOXIMIESRY g%ﬁ@ﬁ@' ”%i@%ﬁ%ﬁéﬂgyphenoi

di hexyl - cunyl - phenol ~ (i ncl'udi ng i soners), . f-me

1 o pusmgmseie oty 0T g BSAAY A3 prono
(including isomers), diethyl-propyl-phenol (including isomers), diethyl-butyl-phenol
(including isomers), diethyl-pentyl-phenol (including isomers), diethyl-hexyl-phenol
(including isomers), diethyl-heptyi-phenol (including isomers), diethyl-octyl-phenol
(including isomers), diethyl-nonyl-phenol (including isomers), diethyl-decyl-phenol
(including isomers), diethyl-dodecyl-phenol (including isomers), diethyl-phenyl-phenol
(including isomers), diethyl-phenoxyphenol (including isomers), diethyl-cumyl-phenol
(including isomers), dipropyl-methyl-phenol (including isomers), dipropyl-ethyl-phenol
(including isomers), dipropyl-butyl-phenol (including isomers), dipropyl-pentyl-phenol
(including isomers), dipropyl-hexyl-phenol (including isomers), dipropyl-heptyl-phenol
(including isomers), dipropyl-octyl-phenol (including isomers), dipropyl-nonyl-phenol
(including isomers), dipropyl-decyl-phenol (including isomers),
dipropyl-dodecyl-phenol (including isomers), dipropyl-phenyl-phenol (including

isomers), dipropyl-phenoxyphenol (including  isomers), dipropyl-cumyi-phenol
41




(i ncluding isoners), diheptyl-pentyl-phenol (including isoners),

di heptyl - hexyl - phenol (i ncluding isoners), diheptyl-octyl-phenol

(i ncluding isoners), diheptyl-nonyl-phenol (including isoners),

di heptyl -decyl - phenol (i ncluding isoners), diheptyl-dodecyl-phenol
(including isomers), diheptyl-phenyl-phenol (including 42 isoners),

di hept yl ﬂ%ﬁl@ﬁl&gx ASRIRBIS)( iq‘?mtwdnﬁgm -pbeoek (incliding tisomers)y (diptyiethyl-phenol
(including isoners), dioctyl-nethyl-phenol (including isoners),

di oct yl - éinnludingh éstehers),i diblutydipropylsuhencs )(inclliding \isempens)y Idiaitpiamentyl-pleenali ng

I somers), dioctyl-butyl-phenol (including isoners), dioctyl-pentyl-phenol

(i ncl udi figciusing: isymend) 0 dibutylvanid-phBAGI (includirg lisﬁméré)swmﬂﬁl)hept{lrphenol

di octyl - heptyl - phenol (i ncluding isoners), dioctyl-nony1-pheno| i ncl udi ng

i somer s) (indiuaig/ liséiReid); FHIB@@I-oéﬂynPbéﬁéinQinblz:@@ %om@}é)?f)drﬁlgyg/)i’-ﬂsﬁ‘}/ipmo'

(i ncluding isoners), dioctyl-phenyl-phenaol uding I's

di oot vl - C : : Lo ) ) (i :
somer s) aRa|eRers) | ABRtYRpER ArAER (el Rothor MR He ey ot
i ncl udi ' J ' | - | ; ph I i ncl udi '

i nony! - BaeyEREERierd), My shBRE) (el roimer, #BERERBENoXYRanS ng
I sonmer s) .. di nonyl - hexyl - phenol (i ncl udi | sqners), dinonyl -heptyl - phenol
ner ud HachagiRiseery), iR Echyt shanal dhelidieg ixarers).cORertymethy-Bheno

é:ﬂgnyliagc I;pheng: (includin yisoners_,ctdi_nor]yl-dochyl-%lenol

(i ncl udi gclﬁgme&sgmers};idmmvl hpheqgictingluding Jsomers), dinemntylpropyl-phenol

di nonyl - phenoxyphenol (including isoners), dinonyl-cunyl-phenol (including

i sorrer s) (ingludingy isomears);| dipaptybbutyil-pbendi (igcludingrisosjers)i dipeptyl-bekyliphenshol

(i ncluding isoners), didecyl-propyl-phenol (including isoners),

di decy! - fincludinghizomier$), diperntyhbeptybprersol, (inbluding | isomers)| digentglodtylgpsHendi ng
| soners), didecyl-hexyl-phenol (including isoners), didecyl-heptyl-phenol

(i ncl udi (igcludimgnisbmers )i disentyl-a6thylphenen Ghcluditg wﬂrﬁ&sj,smpgﬁ@l-de?yt-phenm

di decyl - nonyl - phenol (including 'isoners), didecyl-dodecyl-pheno

) eyt MhaERE! ) oSy BB )., At ORTEL ) pomer

| soner s) gipdhfRPRERyrARSAbE - @RGaGhg (| REMIISNY iB8ARA-Bhenoxyphenol  (including
isomers), dipentyl-cumyl-phenol {(including isomers}, dihexyl-methyl-phenol (including
isomers), dihexyl-ethyl-phenol (including isomers), dihexyl-propyl-phenol (including
isomers), dihexyl-butyl-phenol (including isomers), dihexyl-pentyl-phenol (including
isomers), dihexyl-heptyl-phenol (including isomers), dihexyl-octyl-phenol (including
isomers), dihexyl-nonyi-phenol (including isomers), dihexyl-decyl-phenol (including
isomers), dihexyl-dodecyi-phenol (including isomers), dihexyl-phenyl-phenol
(including isomers), dihexyl-phenoxyphenol (including isomers), dihexyl-cumyl-phenol
(including isomers), diheptyl-methyl-phenol (including isomers), diheptyl-ethyl-phenol
(including isomers), diheptyl-propyl-phenol (including isomers), diheptyl-butyl-phenol
(including isomers), diheptyl-pentyl-phenol (including isomers), diheptyl-hexyl-phenol
(including isomers), diheptyl-octyl-phenol (including isomers), diheptyl-nonyl-phenol
(including isomers), diheptyi-decyl-phenoi (including isomers),

diheptyl-dodecyl-phenol (including isomers), diheptyl-phenyl-phenol  (including
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cyl -et hyl - phenol (including isomers), didodecyl -propyl -phenol
ding isoners), didodecyl-butyl-phenol (including isoners),

cyl - pentyl -phenol (including isomers), didodecyl-hexyl-phenol
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- hexyl - phenol (|nclud|ng I somers) di phenyl - hept yl - phenol
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o@ﬁvﬂ@ﬁgﬁﬁﬁ)d%’ﬁ?&“ﬁ?ﬁéna Pl ERRiaing iSnsit) FotPEBRadxyehenol
%ql#{s‘glrﬁesé%é ‘ﬁhenoq{\él?ﬁ?h - phenolud(il ncl wa?.h @ﬂgﬁlﬂé Lphenol

ding i songers), henoxyhept yl - phenol (including isoners),
O(ngkﬂlyg isnEess), (c*O inemyldithy-nhanes (including isemee)o tinonyherepyl-phesdlidi ng

s), di phenoxydecyl -phenol (including isoners),

otineledingyisopiess)y | dingnyldiubylipherncd dirsheding disq:lmem)x yimmznyHpephdpbienol
ding isoners), diphenoxycunyl -phenol (including isoners),
tyl{pheabldi ng

| imedtdiviy - inbeees), (dimsryldiengl-phernoregiroludifg Geomers)! fmhormmeg
s), dicunyl-propyl-phenol (including isoners), dicunyl-butyl-phenol

Apsng Reriory )| ansyjrsaptshor Ofigcloshan, sRerEso)oherel,
(including isomers), dinonyl- dodecyl phenol (including isomers),
dinonyl-phenyl-phenol  (inciuding isomers), dinonyl-phenoxyphenol (including
isomers), dinonyl-cumyl-phenol (including isomers), didecyl-methyi-phenol (including
isomers), didecyl-ethyl-phenol (inciuding isomers), didecyl-propyl-phenol (including
isomers), didecyl-butyl-phenol (including isomers), didecyl-pentyl-phenol (including
isomers), didecyl-hexyl-phenol (including isomers), didecyi-heptyl-phenol (including
isomers), didecyl-octyl-pheno! (including isomers), didecyi-nonyl-phenol (including
isomers), didecyl-dodecyl-phenol (including isomers), didecyl-phenyl-phenol
(including isomers), didecyl-phenoxyphenol (including isomers), didecyl-cumyl-phenol
(including isomers), didodecyl-methyl-phenol (including isomers),
didodecyl-ethyl-phenol (including isomers), didodecyl-propyl-phenol (including
isomers), didodecyl-butyl-phenol (including isomers), didodecyl-pentyl-phenol
(including isomers), didodecyl-hexyl-phenol (including isomers),

didodecyl-heptyl-phenol (including isomers), didodecyl-octyl-phenol (including
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I somers), dicunyl-octyl-phenol (including isoners), dicunyl-nonyl-phenol
(i ncluding isoners), dicunyl-decyl-phenol (including isoners),

di cunyl - dodecyl - phenol (i ncluding isoners), dicunyl-phenyl -phenol

(i ncluding isoners), dicunyl-phenoxyphenol (including isoners),

met hyl - et hyl - propyl - phenol (including 44 isoners),

met hy| isemers). budidodgepmanyl-pheneldi figciusingr d5omeaeshy ididedgayl-desykphemneknol
(i ncluding isoners), nethyl-ethyl-hexyl-phenol (including isoners),

met hy| @eclbginghept }'sorpelsmol ( ididddegylhdodecylphenol met Kiniclusting | - odsngJMenol

(including isoners), nethyl-ethyl-nonyl-phenol (including isoners),
met hy| didoldgtyldshisriyl-phenol (incluting! disomersy ndidodecpipharioxyphgheld ditetudinghenol

(including isoners), nethyl-ethyl-phenyl-phenol (including isoners),

net hyl isefiatsy, pfmaaaa@;@uﬁﬁyl pﬂeﬁ@l U‘éin&ﬁjdll‘i?g)mi’é&ﬁclars?‘?t ipheiylifletiiy fﬂHeri@Jhem'

(i ncluding isomers), - propyl -butyl=-pheno ncl'udi ng i soners)

met hyl (iREIB8hg IBoM ré)bﬂ@%@ﬁylﬁtﬁl\grﬁﬁ%l"(ﬁdtﬁﬁﬁ@'iﬂ'ners) dlphenyl-propyl-phenol

met hyl = propylF-hexy I'ng ‘I soner

ﬁ%@?h@ﬁﬂéﬂ%ssgﬁ@%ﬁ%> Bﬁv&%\-%&%étﬁ%ﬂﬁniﬁmﬁﬁéis?qm%“f?h'éf?f iR RerbiiangroP e
e Y BB oY soPERR o ) o %fggg%a (ncluding  Isomers),
nmet hyl - propyl phenyl phenol |nclud|nﬁ I somers

met hy| diphepythepteRhenal dinsluding isemershd Ipwwog)vl-phenol (including isomers),
met hyl - propyl - cunyl - phenol él ncluding isoners), methyl-butyl-pentyl-phenol
u

(i ncl udiphgnylseenyi-phenab(ingludingtisome yﬂmeeubueqy!mﬂeool tipcluilingrispmprs),
met hyl - but yl - hept yl - phenol (i ncluding isonmers), nethyl-butyl-octyl-phenol

(i ncl udiphgnylsdodecy)-pheroh yinduding - rimmépsp,hediphenwmmwmermm{im}uding
nmet hyl - but yl - decyl - phenol (i ncluding isoners), nethyl-butyl-dodecyl - phenol

(i ncl uidoRters}), s odiphdy Idmﬂ*whé?m y cgmhﬁm{g nsemers)( i rdmmm mietipyTpHEhol
met hyl - but yl - phenoxyphenol (inclu |ng i somers), nethyl - butyI cunyl - phenol

o TSGR ShonUfy | poRrhssuhEnel ey | ooy

(i ncl ugiR@noxypropyl-phenol  (including isomers), diphenoxybutyl-phenol  (including
isomers), diphenoxypentyl-phenol (including isomers), diphenoxyhexyl-phenol
(including isomers), diphenoxyheptyl-phenol (including isomers},
diphenoxyoctyl-phenol  (including isomers), diphenoxynonyi-phenol (including
isomers), diphenoxydecyl-phenol (including isomers), diphenoxydodecyl-phenol
(including isomers), diphenoxyphenyl-phenol (including isomers),
diphenoxycumyi-phenol (including isomers), dicumyl-methyl-phenol (including
isomers), dicumyl-ethyl-phencl (including isomers), dicumyl-propyl-phenol (including
isomers), dicumyl-butyl-phenol (including isomers), dicumyl-pentyl-phenol (including
isomers), dicumyl-hexyl-phenol (including isomers), dicumyl-heptyl-phenol (including
isomers), dicumyl-octyl-phenol (including isomers), dicumyl-nonyl-phenol (including
isomers), dicumyl-decyl-phenol (including isomers), dicumyl-dodecyl-phenol
(including isomers), dicumyt-phenyl-phenol (including isomers),

dicumyl-phenoxyphenol (including isomers), methyl-ethyl-propyl-phenol (including
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I somers), nethyl-pentyl -nonyl -phenol (including isoners),
nmet hyl - pentyl - decyl - phenol (i ncluding isoners),

nmet hyl - pent yl - dodecyl - phenol (i ncluding isoners),

met hyl - pentyl phenyl - phenol (i ncluding isoners),

met hyl - pent heno phen I ncl udi ng i somers)
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met hyl - hexyl - heptyl phenol (i ncluding isoners), nethyl-hexyl-octyl-phenol
(i nci udi figcludingrer s Jsomershy | - hangthyhethyl-hexgiienol ncl Wihahading orer ispmers),
met hyl - hexyl - decyl - phenol (i ncluding isomers), nethyl-hexyl-dodecyl -phenol
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(i ncl udi E@res)enthyl- eihﬁy:horm-@h}éhobl{tmcludiﬂ@ﬂ%méré)drHétWﬂeﬂﬁﬁP—@B Eflphenoi
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(|nclud|ng |soners), et hyl - butyl -octyl - phenol (including isoners),
et hyl - bufiPFILABGy i - plseMRIS)i ncl meth-preryhhexyl-phenaly| - bingudidgcy| -isbrmess),
(i ncluding isoners), ethyl-butyl-dodecyl-phenol (including isoners),

et hy! - butmgthylpsapyl-hepdylepherioh ¢haliiding isemmess)s methyhyiopiiosty-phemsiinehsaiveg

(i ncluding isoners), ethyl-butyl-cunyl-phenol (including isoners),

et hyl - peisopmers méthghpropyl-honglpreineg (lhﬁmllﬁlﬁ‘rgsisomﬁrb)('m@tﬁ FWlopyRaER}I-pHeRRP |

(including isoners), ethyl-pentyl-octyl-phenol (incl udlng I Somer’s)
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et hyl - pemethyirepYilpHEMBhehbIC(iHEIMthg  isomers), methyl-propyl-phenoxyphenol
(including isomers), methyl-propyl-cumyl-phenol (including isomers),
methyl-butyl-pentyl-phenol (including isomers), methyl-butyl-hexyl-phenol (including
isomers), methyl-butyl-heptyl-phenol (including isomers), methyl-butyl-octyl-phenol
(including isomers), methyl-butyl-nonyl-phenol (including isomers),
methyl-butyl-decyl-phenol (including isomers), methyl-butyl-dodecyl-phencl (including
isomers), methyl-butyl-phenyl-phenol (including isomers),
methyl-butyl-phenoxyphenol  (including  isomers),  methyl-butyl-cumyl-phenol
(including isomers), methyl-pentyl-hexyl-phenol (including isomers),
methyl-pentyl-heptyl-phenol (including isomers), methyl-pentyl-octyl-phenot (including
isomers), methyl-pentyl-nonyl-phenol (including isomers), methyl-pentyl-decyl-phenol
(including isomers), methyl-pentyl-dodecyl-phenol (including isomers),
methyl-pentyl-phenyl-phenol  (including isomers), methyl-pentyl-phenoxyphenol

(including isomers), methyl-pentyl-cumyl-phenol (including isomers),
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I somers), ethyl-pentyl-phenoxyphenol (including isoners),

et hyl - pentyl - cunyl - phenol (i ncluding isoners), ethyl-hexyl-heptyl-phenol
(i ncluding isoners), ethyl-hexyl-octyl-phenol (including isoners),

et hyl - hexyl - nonyi - phenol (including isoners), ethyl hexyl - decyl - phenol
(i ncludj 0 S et h I-hex | - dodecyl - phenol ncl udi ng i soners),
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et hyl o cunyl -phenol. (including isonmers), ethyl-decyl-dodecyl -phenol
(i ncl uZ ﬁg"d'%rrers'gomeé? Myl - d€ ?PEQR:’{JT? el (| nc(ll'mim%ml sonisos)ers),

et hyl henoxyphenol (including isoners), ethyl-decyl-cunyl-phenol
(i ncl u&ﬁﬂé nrfgmﬁawf)p Bengl A((mu@mg iporaeys), petbylspropyi-detyldhenol s{inchidihg
et hyl - dodecyl - phenoxyphenol (i ncluding isoners),

et hy| - fes).-Shyhpropiledodedyl-pbendi (inclidingasomers)! bitlyl-prsp-pheRgshardenol

(i ncluding isoners), ethyl-phenyl-cunyl-phenol (including isoners),

propyl (lboluyﬂng)henlslon(erspl Udlétﬂyll-mﬁﬂrﬁﬂenc%@méhobu'f yrmgga;n)él phgR ers)
(including isoners), propyl-butyl-hexyl-phenol (including™i soners
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ethyl-butyl-pentyl-phenot (including isomers), ethyl-buty!-hexyl-phenol  (including
isomers), ethyl-butyl-heptyi-phenol (including isomers), ethyl-butyl-octyl-phenol
(including isomers), ethyl-butyl-nonyi-phenol (including isomers),
ethyl-butyl-decyl-phenol (including isomers), ethyl-butyl-dodecyl-pheno! (inciuding
isomers), ethyl-butyl-phenyl-phenol (including isomers), ethyl-butyl-phenoxyphenol
(including isomers), ethyl-butyl-cumyl-phenol (including isomers),
ethyl-pentyl-hexyl-phenol (including isomers), ethyl-pentyl-heptyl-phenot (including
isomers), ethyl-pentyl-octyl-phenol (including isomers), ethyl-pentyl-nonyl-phenol
(including isomers), ethyl-pentyl-decyl-phenol (including isomers),
ethyl-pentyl-dodecyl-phenoal (including isomers), ethyl-pentyl-phenyl-phenol (including
isomers), ethyl-pentyl-phenoxyphenol (including isomers), ethyl-pentyl-cumyi-phenol
(including isomers), ethyi-hexyl-heptyl-phenol (including isomers),
ethyl-hexyl-octyi-phenol (including isomers), ethyl-hexyl-nonyl-phenol (inciuding

isomers), ethyl-hexyl-decyl-phenol (including isomers), ethyi-hexyl-dodecyl-phenol
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propyl - butyl - nonyl - phenol (i ncluding isoners), propyl-butyl-decyl-phenol

(i ncluding isoners), propyl-butyl-dodecyl-phenol (including isoners),
propyl - but yl - phenyl - phenol (i ncluding isoners), propyl-butyl-phenoxyphenol
(i ncluding isoners), propyl-butyl-cunyl-phenol (including isoners),
propyl - pentyl - phenol_ (including 47 isoners), propyl-pentyl-hexyl-phenol

(i ncl udi MgcludBiger s) iIsMBIB) - pethyl-hexyl-phenyierhanol (i ndlinglidiggi sonisemers),
propyl - pentyl - octyl - phenol (including isonmers), propyl-pentyl-nonyl-phenol

(i ncl udi ethyl-hengkghengypbenel éncludinge isdmersin ethyl-hexylelimyg-phenolgirgfuding
propyl - pentyl - dodecyl - phenol (including isoners),

propyl - pesunyérshhesthyl-heptyladctylipranodi (includingerisdmers), ethyl-heptyl-nonyi-phenol

propyl - pentyl - phenoxyphenol (i ncluding isoners),

propyl - peintding!ny| -ishipend), (i NCatHELRELtYREE@A-BhenoP! OPYirdiai -pheag ers),

(i ncluding isoners), propy| - hexyl = hept yl - phenol (i ncl udi ng sorrFr ,
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propyl - hept yl - decyl - phenol. (i ncl uding isoners), ) . )
propyl - gg?@ﬁ“@odecyﬁoml (i athylrertvrdesyrphencl (including isomers),
propyl - hept yl - phenyl - phenol (i ncluding isoners),
propy! - h@MCandQWMOI (inchudingi isgmiese)restbyl-octyl-phenyl-phenol (including
propyl - heptyl - cunyl - phenol (including isoners), propyl-octyl-nonyl-phenol

(i ncl udi ispmers)re ethyl-optybphenoxypheridd c ihelptimgolisdmers) u dithg-oatgicctmyphenol
propyl - octyl - dodecyl - phenol (including isoners), propyl-octyl-phenyl -phenol

(i ncl udi (igcludinger s) JisemheRs)] - octathyPhenadeePepRéndli Nc! GRACREirg ONeriSdmers),
propyl -octyl - cunyl - phenol (including isomers), propyl-nonyl-decyl-phendl
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isomers), ethyl-nonyl-phenoxyphenol (including isomers), ethyl-nonyl-cumyl-phenol
(including isomers), ethyl-decyl-dodecyl-phenol (including isomers),
ethyl-decyl-phenyi-pheno! (including isomers), ethyl-decyiQiohenoxyphenol (including
isomers), ethyl-decyl-cumyl-pheno! (including isomers), ethyl-dodecyl-phenyi-phenol
(including isomers), ethyi-dodecyl-phenoxyphenol (including isomers),
ethyl-dodecyl-cumyl-phenol  (including isomers), ethyl-phenyl-phenoxyphenol
(including isomers), ethyl-phenyl-cumyl-phenol (including isomers),
propyl-butyl-phenol  (including isomers), propyl-butyl-pentyl-phenol (including
isomers), propyl-butyl-hexyl-phenol (including isomers), propyl-butyl-heptyl-phenol
(including isomers), propyl-butyl-octyl-phenol (including isomers),
propyl-butyl-nonyl-phenoi (including isomers), propyl-butyl-decyl-phenol (including
isomers), propyl-butyl-dodecyl-phenol (including isomers), propyi-butyl-phenyl-phenol
(including isomers), propyl-butyl-phenoxyphenol (including isomers),

propyl-butyl-cumyl-pheno!  (including isomers), propyl-pentyl-phenol (including
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(i ncluding isoners), propyl-nonyl-cunyl-phenol (including isoners),
propyl - decyl - dodecyl - phenol (including isoners), propyl-decyl-phenyl -phenol
(i ncluding isoners), propyl-decyl-phenoxyphenol (including isoners),
propyl -decyl - cunyl - phenol (i ncluding isoners), propyl-dodecyl-phenyl -phenol
48 (i ncluding isoners) ropyl - dodecyl - phenoxyphenol (includin |soners)
propyl 15@63@@}%9"99%93%% Hphgepli tindlydingolsemers). eepyipamyrhaptyl-ehenali ng
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i somer épglubingy| - phisoroers),( i ncipoeykpentyrastyipheneht v -(eluding (i ncisatiens),
I somers), hexyl -phenol (including isoners), heptyl-phenol (including
| soner pjopybpentylnbapkbhdénol (inoliding iisemers)) propybpehtybdecpl-plenut | (indluding
i somers), decyl-phenol (including isoners), dodecyl-phenol (including
| somer gbmerggny! - pheFﬂi{)y( péﬁiXMbﬂécﬁ%ﬁH@m) phenmetirdiggo! (i ncikufiers),
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(including isoners), propyl-pentyl-phenol i ncl uding isoners),
pr opy| (inelhging. hexjdomershol  ( iprepykdiexyl-d nol (including isomers),

propyl - pentyl - heptyl - phenol (including isoners), propyl-pentyl-octyl-phenol

(i ncl ugropyl-hexyirdodecyl-phepall - p@nﬂlydingonyilsepimn)ol (propyichexylphenyiephenol
propyl - pentyl -decyl - phenol (including isoners),

propy! finelativg- dodigeserghenolprépyitiexdi-pieh®@abeadl  (including  isomers),
propyl - pentyl - phenyl - phenol (i ncluding isoners),

propy | prspR-RexPRa MIMIHERIRP | (inciudifg Ll%r'i\ﬁré)s ?ii'@;syﬂ)heptyl-octyl -phenol (including
propyl - pentyl cunyl - phenol (1 ncluding isone

isomers), propyl-heptyl-nonyl-phenol (including |somers), propyl-heptyl-decyl-phenoi
{(including isomers), propyl-heptyl-dodecyi-phenol (including isomers),
propyl-heptyl-phenyl-phenol  (including isomers), propyl-heptyl-phenoxyphenol
(including isomers), propyl-heptyl-cumyl-phenol (including isomers),
propyl-octyl-nonyi-phenol (including isomers), propyl-octyi-decyi-phenol (including
isomers), propyl-octyl-dodecyl-phenol (including isomers), propyl-octyl-phenyi-phenol
(including isomers), propyl-octyl-phenoxyphenot (including isomers),
propyl-octyl-cumyl-phenol (including isomers), propyl-nonyl-decyl-phenol (including
isomers), propyl-nonyl-dodecyl-phenol (including isomers),
propyl-nonyl-phenyl-phenot  (including isomers),  propyl-nonyl-phenoxyphenol
(including isomers), propyi-nonyl-cumyl-phenol (including isomers),
propyl-decyl-dodecyl-phenol  (including isomers), propyl-decyl-phenyl-phenol
(including isomers), propyl-decyl-phenoxyphenol (including isomers),

propyi-decyi-cumyi-phenol  (including isomers), propyl-dodecyl-phenyl-phenol
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propyl - hexyl - heptyl - phenol (including isoners), propyl-hexyl-octyl-phenol
(including isoners), propyl-hexyl-nonyl-phenol (including isoners),

propyl - hexyl - decyl - phenol (i ncluding isonmers), propyl-hexyl-dodecyl - phenol
(i ncluding isoners), propyl-hexyl-phenyl-phenol (including isoners),
propyl - hexyl - phenoxyphenol 49 (including isoners)
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propyl - heptyl - dodecyl - phenol (including isoners),
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(i ncluding isoners), propyl-decyl-cunyl-phenol (including isoners),

pr opy! - deaeys); pheny| - piopybphénylaumilphensbrer s) , (including isomers),

propyl - dodecyl - phenoxyphenol (i ncluding isonmers), cunyl-phenol (including

| soner s)prppyisphentxyoymypphenaly phénduding ncisemiars),i sopripy)-butyl-pentyl-phenol
propyl - phenyl - cunyl - phenol (i ncluding isomers), butyl-pentyl-hexyl-phenol
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(i ncl udii@gmers), propyl-butyl-nonyl-phenol (including isomers), propyl-butyi-decyl-phenol
(including isomers), propyl-butyl-dodecyl-phenol (including isomers),
propyl-butyl-phenyl-phenol (including isomers), propyl-butyl-phenoxyphenol (including
isomers), propyl-butyl-cumyl-phenol (including isomers), propyl-pentyl-phenol
(including isomers), propyi-pentyl-hexyl-phenol (including isomers),
propyl-pentyl-heptyl-phenol (including isomers), propyl-pentyl-octyl-phenot (including
isomers), propyl-pentyl-nonyl-pheno! (including isomers), propyl-pentyl-decyl-phenol
(including isomers), propyl-pentyl-dodecyl-phenol (including isomers),
propyl-pentyl-phenyl-phenol  (including isomers), propyl-pentyl-phenoxyphenol
(including isomers), propyl-pentyl-cumyl-phenol (including isomers),
propyl-hexyl-heptyl-phenol (including isomers), propyl-hexyl-octyl-phenol (including
isomers), propyl-hexyl-nonyl-phenol (including isomers), propyl-hexyi-decyl-phenol
(including isomers), propyi-hexyl-dodecyl-phenol (including isomers),

propyl-hexyl-phenyl-phenol  (including isomers), propyl-hexyl-phenoxyphenol
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I somers), butyl-pentyl-phenoxyphenol (including isoners),

butyl - pentyl - cunyl - phenol (i ncluding isonmers), butyl-hexyl -heptyl-phenol
(including isoners), butyl-hexyl-octyl-phenol (including isoners),

but yl - hexyl - nonyl - phenol (including isoners), butyl-hexyl-decyl -phenol

(i ncluding isoners), butyl-hexyl-dodecyl -phenol 50 (including isoners),
but yI - helglugingny | - iSRERSS), (i ncpreayhbexyswend-phenplit yI (Weludinghendsqrpaesiol

(i ncluding isoners), butyl-hexyl-cunyl-phenol (including isoners),

but yI - hepropyl-beplyl-ogtyepbendgli {ndludinggisoawers), ProppicheptyrpnyHphecol (inpluding

(i ncluding isoners), butyl-heptyl-decyl -phenol (including isoners),

but yl - heisbsiersipdecy!| - pipegoyl-heptyl{detyhphénsiner s) ,  Qidchidihgpt y! - phdsathem)enol

(including isomers), butyl-heptyl-phenoxyphenol (including isoners),

but y! - hegropyr-Kepyl-detesyiphehbnc! @ 'm.ﬂg_somrﬁépse,butmbpwwétypﬂw@s%%ﬂ@l

(i ncluding isoners), DbButyl-octyl-decyl-phenol (1ncludingiSoners),

but yl - ocgadin l:s I (i ' ' tyl - ph = I
(imel udi GctodBEZCY SRRERY, | C ROPYERSRy pAGTYPhenbl Y (RAkdihgt = Homers e
but yl - - i nc) udi i , t vl - - -

DU oy AR B Lol BB, mroBY iy i pHEBY REsaRl
) o R o S ada bRy RoeC opRG, Semabl iapHE A BHGEB Bhens
butyl -d | - dod | - ph Il (includi ' , butyl-d | - ph | - ph I
(i mel ud QAP dE8 ey STPOMSTRY | - AGIPPYLARMERIETRERDENDI ne| GBBNEING oo eomors),
but yl - decyl - cunyl - phenol (i ncluding isoners), butyl-dodecyl -phenol

(i ncl udi prgpryketigl-phenoxyphenoltnclugingpisemers)p incompy-octylsiumiipdiensb finclugding

but yl - dodecyl - phenoxyphenol (i ncluding isoners),

but yl - dddemers)c propylnicaybdedylphlendl (includimgeiseiners)h propylmoeyitegdsyiphenol

(i ncluding isoners), butyl-phenyl-phenoxyphenol (including isoners),

but yl - phigngildiagny| -igbeees), (1 nprosiiiibnyspREenyphaint vl éhﬁﬂﬁdin@ept Yéorné:y)o!

(i ncluding isoners), pentyl-hexyl-octyl-phenol (including isomers),

?iegg lytapﬁgwr-wimﬁhe%héﬁd‘rcl UsHdhsdihg O e SinerS)S Nt YropFkudnyleeniy PReRsl
(including isomers), propyi-decyl-dodecyl-phenol (including isomers),
propyl-decyl-phenyl-phenol  (including isomers), propyl-decyl-phenoxyphenol
(including isomers), propyl-decyl-cumyl-phenol (including isomers),
propyl-dodecyl-phenyl-phenol (including isomers), propyl-dodecyi-phenoxyphenol
(including isomers), cumyl-phenol (including isomers) propyl-phenyl-phenoxyphenol
(including isomers), propyl-phenyl-cumyl-phenol (including isomers),
butyl-pentyl-hexyl-phenol (including isomers), butyi-pentyl-heptyl-phenol (including
isomers), butyl-pentyl-octyl-phenol (including isomers), butyl-pentyl-nonyl-phenol
(including isomers), butyl-pentyl-decyl-phenol (including isomers),
butyl-pentyl-dodecyl-phenol {including isomers), butyl-pentyl-phenyl-phenol (including
isomers), butyl-pentyl-phenoxyphenol (including isomers), butyl-pentyl-cumyl-phenol
(including isomers), butyl-hexyl-heptyl-phenol (including isomers),
butyl-hexyl-octyl-phenol (including isomers), butyl-hexyl-nonyl-phenol (including

isomers), butyl-hexyl-decyl-phenol (including isomers), butyl-hexyl-dodecyl-phenoi
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| somers), pentyl -hexyl -dodecyl - phenol (including isoners),

pentyl - hexyl - phenyl - phenol (i ncluding isoners), pentyl-hexyl-phenoxyphenol
(i ncluding isoners), pentyl-hexyl-cunyl -phenol (including isoners),

pentyl - heptyl -octyl - phenol (including isonmers), pentyl-heptyl-nonyl-phenol

I ncl udi 14 SO entyl - tyl - decyl - phenol (i ncluding isoners),
E)lant yIJ- Ilgg?h;?ﬂqgl)decy oﬁﬂrgﬁol {LHB&%&&W@&PM}‘P' (I(indul:iill?g v isomers)),
pentyl -h - phenyl - phenol i ncl udi ng i soners),
pentyl - hgﬂ%&?ﬁﬂ@g@\ﬁmm(&MH@GQn@‘JM&)@rbl)tyl-hexyl~cumyl~phenol (including
pentyl - hept yl - CIrjrglF/ll -phenol (including isomers), pentyl-octyl-nonyl-phenol
(i ncl udi R8MereonBrty-heptyiogtyl-pbendl d@nslidinge issméishci bty e OAGHY phenol

pentyl - oct yl - dodecyl - phenol (i ncluding isoners),

pent y| - Jédudipgenyi isoivears), (i nbUt}dl-ihegtyI.‘d@@s?Lﬁhenmpelnt ghcmamgl - phqé]:?ﬁggllenol

(1 ncludi ng ,igorreg{j), pentyl - octyl - cunyl - phenol (i ncluding "IFsonmer
tyl - oty gdeoytphenol liRg ié , - | - | - gh I
?fﬂcrudi_ng iseo'ﬁgrs?, pent 3?‘-’?@&’?@'2 eléﬁ?ﬁgﬁ)uZ%%vpﬁgél%inﬂﬁ?%ﬂh%mﬁé?’ug'"%nO
pent ! - isambr)h eugnepEheh RS il HomBRP: KPRk Sumbhaponer”
(et udi g uher ¢) PRREIRY, o By riNERBRnol ! Vinchiia onor Somers),
: tyl - L - l. (includi ' , tyl-d | - ph | - ph I
(i ! ud ORI inslidind BherslnBHor-oehidpdesyighenoroinguding
tyl- - - ph | (i di [ : tyl -dod | - ph | - ph I
e S BTSSR o i oo
en - cyl - cunyl - pheno i ncl udi ng i soners),
Bent §| - ﬁﬁgﬁv "Sphennydﬁg?ﬁwﬁ)m (buM-anyﬂgumbp’sesol, (including isomers)
pentyl - Bh nyl - cunyl - phenol (including isomers), hexyl-heptyl-octyl-phénol
(i nclud H§"1"96Mb¢%9¥|-plh§)a9l {including risomers)heul-rfory-HedeBg-pHehRIeY uding =
no

hexyl - hept yl - decyl - phenol (i ncluding isonmers), hexyl-heptyl-dodecyl-p

(i ncl udisegiershrbuty)nomgdbphentyisphemolpfiseudingRBRlers), ity SHy1pR&RBsBHenol
(including isomers), butyl-nonyi-cumyl-phenol (including isomers),
butyl-decyl-dodecyl-phenol (including isomers), butyl-decyl-phenyl-phenol (including
isomers), butyl-decyl-phenoxyphenol (including isomers), butyl-decyl-cumyl-phenol
(including isomers), butyl-dodecyl-phenocl (including isomers),
butyl-dodecyl-phenyl-phenol (including  isomers), butyl-dodecyl-phenoxyphenol
(including isomers), butyl-dodecyl-cumyl-phenol (including isomers),
butyl-phenyl-phenol (including isomers), butyl-phenyl-phenoxyphenol (including
isomers), butyl-phenyl-cumyl-phenol (including isomers), pentyl-hexyl-heptyl-phenoi
(including iIsomers), pentyl-hexyl-octyl-phenol (including isomers),
pentyl-hexyl-nonyi-phenol (including isomers), pentyi-hexyl-decyl-phenol (including
isomers), pentyi-hexyl-dodecyl-phenol (including isomers),
pentyl-hexyl-phenyl-phenol (including  isomers), pentyl-hexyl-phenoxyphenol
(including isomers), pentyl-hexyl-cumyl-phenol (including isomers),

pentyl-heptyi-octyl-phenol (including isomers), pentyl-heptyl-nonyl-phenol (including
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hexyl - hept yl - phenoxyphenol (i ncluding isoners), hexyl-heptyl-cunyl-phenol
(i ncluding isoners), hexyl-octyl-nonyl-phenol (including isoners),

hexyl - octyl -decyl - phenol (including isoners), hexyl-octyl-dodecyl - phenol
(i ncluding isoners), hexyl-octyl-phenyl-phenol (including I sonmers),

hexyl - oct yl - phenoxyphenol ilncludlg% 52 |soners) xyl -octyl - cunyl-phenol
(i ncl udi}MeEAners), hBROY-ReR phanebnol (i r‘ IRG i somer HOmers),

hexyl - nonyl - dodecyl - phenol (|nclud|ng i somers), hexyl -nonyl - phenﬁl-phenol

(i ncl ud|peg1tvlslmmyls;qdedybplsxen¢ion3(tncb1®n@xypsmmﬁrs) de@entyldwaptyltphenyhphenol

(i ncluding isoners), hexyl-decyl-phenyl-phenol (including isoners),

hexyl - dindludihg nox jgumeers), (i rpenigiheptyl-srenoxyphehsixy| -(hehyding uny isopiens))|

(i ncluding isoners), hexyl-dodecyl - phenyl - phenol (i ncluding isoners),

hexy! - dqséegyilhapitd Listiediol ((Iriéﬁ]dﬁb rlQor’n&éiiﬁfBrp'iehtyl—octyl-nonyl-phenol (including
hexyl - dodecyl - cunyl - phenol (including isonmers), 'hexyl -phenyl - phenoxyphenol

ﬁ'er:ijL%?'y‘F&ﬁ"?@ﬁy &ﬁ"o?‘*ef?ncl udp'cgﬁﬁ'“ﬂ*nﬁ 9“’#23?#“%'. AR %%%'
hept yi - SHEWAITRCTY Tomerd; ¥ ( 8 'a‘%ﬁﬂ-:s -Pﬁf%'h&?@b&%l?&'s" BShenol
i ncl udi - .- - :
hept lyfd' "%%T{ﬁﬁ e&?éEBﬁe%Q‘r@f%'ﬂé:g@Sﬁgi Eﬁnlmﬁeﬁ yfugarﬂyhea%ée%wdmeno|
hept y1 - IEHPRISInBRGHY BRBHISCYPReNOk A di08 TEDPTS) BB YL NRBHSA GRS PhBRnol
(including isoners), heptyl-decyl -dodecyl -phenol (including isoners),
hept yI - dieudipgeny lisqmers)) (psaémnpngl -pRemipbenohept (including - phisesssishenol

(i ncluding isoners), heptyl-decyl-cunyl-phenol (including isoners),

hept yl -cpmmiyiothphghexymmbl (i{includingng iisomers)) , pentyl-nonyl—cumyl-phenol
hept yl - dodecyl - phenoxyphenol (i ncl uding isoners),

hept yl - dirdfedihg cumidornégyol  (pastyLdéd\d-dodlesprstienol  (including  isomers),

hept yl - phenyl - phenoxyphenol (i ncl udi ng isoners),

hept yl - peemlaecympheMigHenol | NGinélidiey | SG&Bh8Ns),  pentyl-decyl-phenoxyphenol
(including isomers), pentyl-decyl-cumyl-phenol {(including isomers),
pentyl-decyl-dodecyl-phenol  (including isomers), pentyl-decyl-phenyl-phenol
(including isomers), pentyl-decyl-phenoxyphenol (including isomers),
pentyl-decyl-cumyl-phenot  (including isomers), pentyl-dodecyl-phenyl-phenol
(including isomers), pentyl-dodecyl-phenoxyphenoi (including isomers),
pentyl-dodecyl-cumyl-phenol  (including isomers), pentyl-phenyi-phenoxyphenol
(including isomers), pentyl-phenyl-cumyl-pheno! (including isomers),
hexyl-heptyl-octyl-phenol (including isomers), hexyl-heptyl-nonyl-phenol (including
isomers), hexyl-heptyl-decyl-phenol (including isomers), hexyl-heptyl-dodecyl-phenol
(including isomers), hexyl-heptyl-phenyl-phenol (including isomers),
hexyl-heptyl-phenoxyphenol (including isomers), hexyl-heptyl-cumyl-phenol (including
isomers), hexyl-octyl-nonyl-phenol (including isomers), hexyl-octyl-decyl-phenol
(including isomers), hexyl-octyl-dodecyl-phenol (including isomers),

hexyl-octyl-phenyl-phenol (including isomers), hexyl-octyl-phenoxyphenol (including
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octyl - nonyl - decyl - phenol (including isoners), octyl-nonyl-dodecyl - phenol
(including isoners), octyl-nonyl-phenyl-phenol (including isoners),

octyl - nonyl - phenoxyphenol (including isonmers), octyl-nonyl-cunyl -phenol
(including isoners), octyl-decyl-dodecyl-phenol (including isoners),

octyl -decyl - phenyl - pheno I ncl uding 53 isoners),

octyl - deé%lﬂm%ﬁgn&@‘gn@%"c‘émﬁbpmﬂg (inshicting; ) isomars), - hexyl-nenydecyiehenol
(including isonmers), octyl-dodecyl -phenyl -phenol (including isoners),

oct yl - dodiBelidinghenolsppressbl (i hexyl-aonygl-tdodeayl-phenokct yI (incldding - cuispmepsienol
(i ncluding isoners), octyl-dodecyl -phenyl - phenol (including isoners),

oct yl - dobiexyitngriyb-pbenylhehesiol (i ncl udi ng i songinciddingct yl - dodecyl - cugphvepgenol
(i ncluding isoners), octyl-phenyl-phenoxyphenol (1 ncluding isoners),

oct yl - phhexyl-rony-phehexphehohdespliditidcyPpRésal.  NONY kindRetin dodecyib?mé%)?'

(including isoners), nonyl-decyl - phenyl - phenol (including isoners
t-d Ifi | ' I - -
(i nel udi e S Reyppyehiencl (Rehidid RoBE ik AerH riRRkp e (iftiEicy
BRSSP FE ) by oty
decyl - dol e cryteBRBo: " RuaBHRey dsnekgphencl” " inciding ™ isbiners),
decyl - d_oﬁec | - enoxa/rghe ol (including isomers), decyl-dodecyl-cunyl -phenol
| ud é’é’%ﬁ’g SUrggRne nClinih x yisREeES), (i hekylcphenyl-pbeaexyphenol
((:Ila(r:])cll uplh E)ql?i-_curryl I{i)henlcc)?}‘ (i nglngldi nlg' i s)(?:grs) , d(()::IecyI - phgnyl - phe?z)xyphenol
(i ncl udi ﬁ@glpgﬁﬂer s) isomeisky| - phesey-phenyhtumylephenali ncl(indituding s oresemess)d
phenyl - phenoxy- cunyl - phenol (including isonmers). (0077] |In addition, the
st andar dheplyl-0etyl-ponyltpheinol hénclodiogalisorhers),o repityl-deyyivdacyl-phendgio YindiLiding

preferably |ower than the standard boiling point of the divalent aromatic
hydr oxy isonmess)) heptyldiotyldicteeyFpherbl ({hditing Isuaes) CheptyFo ity RERE%yl-phenol

enbodi nent .
(including isomers), heptyl-octyl-phenoxyphenol (including [somers),
heptyl-octyl-cumyl-phenol (including isomers), heptyl-nonyl-decyl-phenol (including
isomers), heptyl-nonyl-dodecyi-phenot (including isomers),
heptyl-nonyl-phenyl-phenol  (including  isomers), heptyl-nonyi-phenoxyphenol
(including isomers), heptyl-nonyl-cumyi-phenol (including isomers),
heptyl-decyl-dodecyl-phencl  (including  isomers), heptyl-decyl-phenyl-pheno!
(including isomers), heptyl-decyl-phenoxyphenol {(including isomers),
heptyl-decyl-cumyl-phenol  (including  isomers), heptyl-dodecyl-phenyl-phenol
(including isomers), heptyl-dodecyl-phenoxyphenol (including isomers),
heptyl-dodecyl-cumyl-phenol  (including isomers), heptyl-phenyl-phenoxyphenol
(including isomers), heptyi-phenyl-cumyl-phenol {(including isomers),
octyl-nonyl-decyl-phenol (including isomers), octyl-nonyl-dodecyl-phenol (including
isomers), octyl-nonyl-phenyl-phenol (including isomers), octyl-nonyl-phenoxyphenol
(including isomers), octyl-nonyl-cumyl-phenol (including isomers),

octyl-decyl-dodecyl-phenol (including isomers), octyl-decyl-phenyl-phenol (including
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Al t hough there are cases on which a nonoval ent aromati c hydroxy conpound
having a standard boiling point higher than the standard boiling point of
the divalent aromatic hydroxy conpound can be used, in such cases, when
the resulting isocyanate conpound and the dival ent aromati c hydroxy
conmpound are extracted froma thermal 54 deconposition reactor in the form
of a gdsemesslpety-desyhehenexyphenot finsludiog aisomers) t ectyt-deeykeumyl-phenol
deconposition step to be described later, there is the risk of a polyneric
pol ycar(irchidingci d isamers), f or oetyl-dpdecylqdhdinyl-phenalact i (rclidingeen isdraers),

I socyanate and the divalent aromatic hydroxy conpound, adhering to the

wal | s obctyirdoderyt-phenotyptiehd)  (IRdudingt hiiﬁomef’egﬁi r sty dodéeyleupiyi-phenol

particular limtations on the conbination of the nonoval ent aronatic

hyd i d di ' ,
L9 Sp4nb 3 VSSRGS PSS TP, I

conbi nation thereof can’be arbrtrarily se

artic LIQ | r us ' he '

Feact orAdodBeybheRBBhenl | GREGino. " i), ©, BERFULAEY SRR prRRAL"
stirri pressurized stifri tank, vacuumstirting,.tank or col ym
eact ot P iRGHE ConbrikbPeRy TENPTRRRIY® o diddindo  Harfetar
l[imtatigns ,on the terial . Qf the reactor, and kno terials can. be
used. é}éﬁﬁp?@%ﬁuw&?@ﬁﬁa&(mﬁ%*nsaﬁornsrs)uaeavirﬁfﬁﬁw-ﬁ\égﬁ@-@le&@& (including ess
steel, carbon steel, Hastelloy, materials conprising a base material |ined
wi th gligemersyaonybdecyrpbenyephenal {ingluding ésoraers) pepylciesylphenaxypheanel
cases in which corrosion caused by the am ne conpound and/or aronatic

hydr oxy(irgugiognd cisomseshne r posyldecybcomybpiémaj on {iheludingp andsomers),
conditions, in such cases, the reactor nmay be nade of gl ass, have a gl ass

l'i ni ng ronyhaedeaypifdnybphenalt | (igcludinga isamiers),0y norglaiotietylkphefisxyphiheb! y

sel ected. [0079] The am ne conpound having primry amno groups iIs

pref er aficdludingp! | asbrhdrsy, | | ABhyl-dodiadylsumPEph&aAt or (Mtfiding he ligsRéisY,
bet ween the aromatic hydroxy conpound

nonyi-phenyl-phenoxyphenol  (including isomers), nonyl-phenyl-cumyl-phencl

=]

(including isomers), decyl-dodecyl-phenyl-phenol (including isomers),
decyl-dodecyl-phenoxyphenol  (including isomers), decyl-dodecyl-cumyl-phenol
(including isomers), decyl-phenyl-phenoxyphenol (including isomers),
decyl-phenyl-cumyl-phenol  (including isomers), dodecyl-phenyl-phenoxyphenol
(including isomers), dodecyl-phenyl-cumyl-phenol (including isomers) and
phenyl-phenoxy-cumyl-phenol (including isomers).

[0077]

In addition, the standard boiling point of the monovalent aromatic hydroxy
compound is preferably lower than the standard boiling point of the divalent aromatic
hydroxy compound produced according to the process of the present embodiment.
Although there are cases on which a monovalent aromatic hydroxy compound having
a standard boiling point higher than the standard boiling point of the divalent aromatic
hydroxy compound can be used, in such cases, when the resulting isocyanate

compound and the divalent aromatic hydroxy compound are extracted from a thermal
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and the am ne conpound having prinmary amno groups is carried out. In
general, many of the previously listed exanples of am ne conpounds are
solids at norrmal tenperatures (for exanple, 20C), and al though these am ne
conpounds can be supplied in the liquid formby heating to a tenperature
hi gher than the nelting point 55 thereof, since there are cases in which
si de r decompnsitiondracter in thecformil ofde gaseeus pbase ceaponent ica garbaris acid
heating if the am ne conpound is supplied at an excessively high

t enper ester ¢herned daicompositionastep to beplestabet later dperel is dhe nisk loé al palymeric or m
at a conparatively low tenperature as a mxture with the above-nenti oned

ar omat pelycaistinisyadid EBR¥Normed byRaATaddittiibfactishdidtween the isbdyahate and

Aromat i ¢ Hydroxy Conpound Cbtai ned by Reaction> A mxture containinig a

ore-or 1 SRR At bR Mg SRS GG Bpten 0
o KR RS e S B A o e S rafier

provi dgs an expl.anation of the carbam c acid ester,.and the conpound having
" ar Bk e oRISES: protaat, fveonh cpmRairith eng: B i Pllant, A oralE HiHtake rmt .
pol ycar bonat e .conpound is,used having a repetitive unit represented by the
F ol 1 owPAGIPOURFhABY thessombisaien thergor San eatbittashFalectadyo. Ar - X 0 0 k 0
(19) 0083] (wherein Ar represents a divalent aromatic group having 6 to
20 car 8tonms, X represents a termnal end group in a formof a residue
of a chain term nator used

There are no particular limitations on the reactor used in the reaction, and a

known reactor can be used. For example, conventionally known reactors such as a
stirring tank, pressurized stirring tank, vacuum stirring tank or column reactor can be
suitably combined and used. There are also no particular limitations on the material
of the reactor, and known materials can be used. Examples of materials that can be
used may include glass, stainless steel, carbon steel, Hastelloy, materials comprising
a base material lined with glass, and those provided with a Teflon coating. Since
there are cases in which corrosion caused by the amine compound and/or aromatic
hydroxy compound can become remarkable depending on the step and conditions, in
such cases, the reactor may be made of glass, have a glass lining or have a Teflon
coating, or a Hastelloy reactors can be suitably selected.

[0079]

The amine compound having primary amino groups is preferably supplied in a
liquid form to the reactor where the reaction between the aromatic hydroxy compound
and the amine compound having primary amino groups is carried out. In general,
many of the previously listed examples of amine compounds are solids at normal
temperatures (for example, 20°C), and although these amine compounds can be

supplied in the liquid form by heating to a temperature higher than the melting point
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when produci ng the aromati c pol ycarbonate, or a hydroxyl group, and k
represents an integer of O or nore); and 56 [0084] a conpound represented
by the following fornula (20) is used for the am ne conpound havi ng
primary am no groups: [0085] R1-(NH2 ) n (20) [0086] (wherein Rl
represents a group selected fromthe group consisting of aliphatic groups
havi ng 1thet569f8 sineertbare amheasasinavbishiside fpastions isueh @y & thermzd denatisation
atons, the above groups contain an atom sel ected from carbon and oxygen

at ons, arefdignecgurs duertpcealingdf theyamine compaund is supplied attan excessiveder

of from2 to 10). [0087] The conpound having an aromatic hydroxyl group,
whi ch i shighi tgmperatirés the afine somweind swrmmmpglmmmqu foRfirati ang
out the above reaction, is a conmpound represented by the followi ng fornula

(21) havio@parativelClow etehipetBii® as Y it withothe GbbleinfermiiRd hforhagc A
group constituting the main chain skeleton of the repetitive unit: [0088]

Ar-OH Y, Stvoundrddditerl 0089] (wherein Ar represents a group as
previ ouspgﬁgéyi ned, l'{I?':’represen’ts atermnal end 57
[0080]
<Carbamic Acid Ester and Aromatic Hydroxy Compound Obtained by Reaction>
A mixture containinig a carbamic acid ester and a compound having an
aromatic hydroxyl group, which are originated from the aromatic polycarbonate, is
obtained by the reaction between the aromatic polycarbonate resin and the amine
compound having primary amino groups as previously described. The following
provides an explanation of the carbamic acid ester and the compound having an
aromatic hydroxyl group.
[0081]
In the present embodiment, an aromatic polycarbonate compound is used

having a repetitive unit represented by the following formula (19):

[0082]

X—Ar -—o\n/o—éAr —o\n,o>k Ar OYO—Ar ~X

o) 0 o) (19)

[0083]

(wherein Ar represents a divalent aromatic group having 6 to 20 carbon atoms, X
represents a terminal end group in a form of a residue of a chain terminator used
when producing the aromatic polycarbonate, or a hydroxyl group, and k represents
an integer of 0 or more); and
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group X or -OH group as previously defined, and i represents an integer of
from0O to k). [0090] On the other hand, the carbamc acid ester
originated fromthe aromatic pol ycarbonate obtained by the above reaction
i's a conpound represented by the following fornula (22): [0091] R1(NH O f
Ar -C)Ci- -OHOOh n (22) [0092] (wherein, Ar represents a group

ori gi na romthe aromati c pol ycarbonate as previously defined, R
represents a group originated fromthe anine conpound as previously.
defined, h RefRrERRWId repreasgniaskby dhetfoliowing: formulan f20)nisr wged femthe aming ue
as previously defined). [0093] |In addition, in the reaction between the
ar omat i conppbyund havingt priraary amincegrionps: conpound, in the case of using a
nonoval ent aromati c hydroxy conmpound represented by the follow ng fornula
(23) as{0@8syi ously described as a reaction solvent: [0094] 58 OH A R2
(23) [0095] (wherein ring A represents an aromatic hydrocarbon ring which
has 6 to 20 carbon

R1—€NH2)
n

[0086]

(20)

(wherein R' represents a group selected from the group consisting of aliphatic groups
having 1 to 20 carbon atoms and aromatic groups having 6 to 20 carbon atoms, the
above groups contain an atom selected from carbon and oxygen atoms, and have an
atomic number equal to n, and n represents an integer of from 2 to 10).

[0087]

The compound having an aromatic hydroxyl group, which is originated from the
aromatic polycarbonate obtained by carrying out the above reaction, is a compound
represented by the following formula (21) having a structure in which a hydroxyl
group (OH) is added to the Ar group constituting the main chain skeleton of the
repetitive unit:

[0088]

Y-{Ar -0 o} Ar—OH
T/

o ! 1)
[0089]

(wherein Ar represents a group as previously defined, Y represents a terminal end
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atonms and which may have a substituent, and the ring A may be a nonocyclic
or heterocyclic ring, and R2 represents an aliphatic group having 1 to 20
carbon atons, an aliphatic al koxy group having 1 to 20 carbon atons, an
aryl group having 6 to 20 carbon atons, an aryloxy group having 6 to 20
carbon at ons al k roup having 7 to carbon atons or an

ar al kyl wp&aﬁpoﬂ p@ﬁ\ﬂ@uw ih Bﬂ%' represapis\an integersof fromi@ite an
atom sel ected fromthe group consi sting of carbon, oxygen and nitrogen
atons, Kld R2 may al so bond with Ato forma ring structure); [0096] a
transesterification reaction occurs between the aromatic pol ycarbonate and
t he non®280Ent aromati ¢ hydroxy conpound yiel ding a cl eavaged product of
the aromatic polycarbonate as represented by the following fornula (24) or

fornul a (25Dn theOSther Hany, the- Sarbdngié) aciﬁ9e§te\‘-@n?m&edb~frdrﬂ thé2ardéatic ( 25)

[0098] (wherein Ar represents a group originated fromthe aromatic

pol ycar paipeabonate BbRiheY tyva%ElgBeé reAciod i esm ﬁatregi@éhgﬁ? ﬁtt@t ed

fromthe fonoval ent aromat’i ¢ hydroxy conmpoun revi ou

repres end group X or -OH gr oup as previ ously defi hed,
and g ?@Sr&‘é’s tc}’g"?{iatjnig {ﬁt)eger of fromO to k). [0099]

[0091]

1
R-{NH o{Ar-o O)—Ar—OH)
Y \fr h n

[0092]

(wherein, Ar represents a group originated from the aromatic polycarbonate as
previously defined, R' represents a group originated from the amine compound as
previously defined, h represents an integer of from 0 to k, and n represents a value
as previously defined).

[0093]

In addition, in the reaction between the aromatic polycarbonate and the amine
compound, in the case of using a monovalent aromatic hydroxy compound
represented by the following formula (23) as previously described as a reaction
solvent:

[0094]
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In such cases, a conpound represented by the following formula (26) may be
contained in the formof a carbamc acid ester: [0100] O\\ CA
-OKNH)-RANH Of Ar -OO Ar-X nJ 0 YOf R (26) [0101] (wherein Rl
represents a group originated fromthe am ne conpound as previously
defined, A and R2 represent groups originated fromthe nonoval ent aromatic
hydr oxy conpounﬁ)bq previously defined, X represents the term nal end
group X or -OH droup as previously defined, f represents an integer of
fromO to k, j rdpresents an integer of froml1l to n, and n represents a
val ue as prew defined). 60 [0102] The follow ng provides a nore
detail ed expl anation. \l n the case of carrying out the reaction using the
aromati c pgl ycaronat eli n ich the dival ent aromatic hydroxy conpound
represent ed strfictu Ar(OH)2, in which two hydroxyl groups are
added to t n formula (19) above, is bisphenol A and the
termnal endkgroup XAs at |east one group selected fromthe group

consi sting of ~a efioxy group, p-tert-butyl phenoxy group and hydr(23)l
group, is used for the aromatic pol ycar bonate, and a dival ent am ne
compou presented by the following fornula (27) is used for the am ne
conpound: [0103] H2N R3 NH2 (27) [0104]

(wherein ring A represents an aromatic hydrocarbon ring which has 6 to 20 carbon

atoms and which may have a substituent, and the ring A may be a monocyciic or
heterogyclic ring, and

R? represents an aliphatic group having 1 to 20 carbon atoms, an aliphatic
alkoxy group having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon
atoms, an aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20
carbon atoms or an aralkyloxy group having 7 to 20 carbon atoms, the above groups
contain an atom selected from the group consisting of carbon, oxygen and nitrogen
atoms, and R? may also bond with A to form a ring structure);
{0098]

a transesterification reaction occurs between the aromatic polycarbonate and
the monovalent aromatic hydroxy compound yielding a cleavaged product of the
aromatic polycarbonate as represented by the following formula (24) or formula (25):

[0097]

R (24)
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(wherein R3 represents a group selected fromthe group consisting of
aliphatic groups having 1 to 20 carbon atons and aromatic groups having 6
to 20 carbon atons, the above groups contain an atons selected fromthe
group consi sting of carbon atons and oxygen atons); [0105] a carbamc
acid ester produced _according to the process g he present enbodinent is
a conpound representeth by the following forptila (23\; [0106] O OIl 0 2
OC-RS R4- Oy (28) @1 [0107] (wherein/R3 represgnts a group sel ected
fromthe grofyip coggistirlg _ofegliphatg r qups avingjl to 20 carbon atons
and aromati c\grou havifng 20 bon \at on®,* t he / above groups contain
an atom sel eched from f/he group nsi sti ng\of carbor/atons and oxygen
atons, and eac R4~”and R5 i nddpgendently r o+t s a substituent
selected fromthelgroup represen by the follow ng formula (29): [0108]

-OH (29) [0109] v%erei n each of x, y and z in ndently represents an
I nteger of O or R ). [0120] The R3 in formil 9) above is a group
originated from tthe above-nentioned an ne conpb®nd, and is pref era(gl5y a

group originated froma |inear hydrocarbon
[0098]

(wherein Ar represents a group originated from the aromatic polycarbonate as
previously defined, A and R? represent groups originated from the monovalent
aromatic hydroxy compound as previously defined, X represents the terminal end
group X or -OH group as previously defined, and g represents an integer of from 0 to
k).
[0099]

In such cases, a compound represented by the following formula (26) may be

contained in the form of a carbamic acid ester:

[0100]
I
1
—O0 NH>7R~€NH O{Ar -0 o}— Ar——X)
( n.j Y \ﬂ/ f j
O o)

2

R (26)
[0101]

(wherein R' represents a group originated from the amine compound as previously
defined, A and R® represent groups originated from the monovalent aromatic hydroxy
compound as previously defined, X represents the terminal end group X or -OH
- group as previously defined, f represents an integer of from 0 to k, j represents an
integer of from 1 to n, and n represents a value as previously defined).
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group such as nethyl ene, dinethylene, trinethylene, tetramnethylene,

pent anet hyl ene, hexanet hyl ene or octanet hyl ene; unsubstituted acyclic

hydr ocar bon groups such as cycl opent ane, cycl ohexane, cycl oheptane,

cycl ooctane or bis(cycl ohexyl)al kane; al kyl -substituted cycl ohexanes such
as neth(+ﬁ%ﬁlopentane, et hyl cycl opent ane, net hyl cycl ohexane (i ncl udi ng
isonersy, hyl cycl ohexane (including isoners), propylcycl ohexane

(i ncluding hsoners) butyl cycl ohexane (i ncluding isoners),

pentyl cycl o Bﬁafﬁléowmadqrewdﬁga meredetailed explanatipol ohexane (i ncl udi ng

i soners); dial kyl -substituted cycl ohexanes such as di net hyl cycl ohexane 62
(i ncluding indnecase of camyingymitothex eeactibhnesinglithg areavaticspolgtarbonate in

di butyl cycl ohexane (including isoners); trialkyl-substituted cycl ohexanes

such aswhich3hg-divaient dnoneati) Infdrsrn eomboand repicsiehtdd Mg ltigd Qtfﬁﬂﬁre Ar(OH)y,
1,5,5-tripropyl cycl ohexane (i ncluding |soners) or 5-t1 butyl cycl ohexane

(i ncl udinnerhichotis $13ydro PGPS bred Wasibh o fh%s ?n FYPRuIS(1 ?2 #%% is

et hyl benzene or propyl benzene di al kyl - benzenes

EZ' i phoSpre oass e eﬁézfﬁ’é'BL Q%‘l&f" PR aE?;%?Sé?%fﬁﬂ“%’lx%%cﬁesﬂaﬁa | 21 e
ot hy! Y §E€'&§%ﬁﬁy§'€%ﬁgﬁﬁﬂ% I Byl i G0l VR GouEr oups

origin rom, aI| c dj am,nes such as  hexamet hy Iene di ani ne,

4,4 nZ‘%Hfﬁe “5 i'. RplveATaanate. and adliva) en%myome?unewenmnmcbm ne
(| ncl ugt!P ﬁ%ﬁmers or 3-am nonet hyl - 3,5, 5-tri net hyl cycl ohexyl am ne

(inclu g" fprmyia(21) dsused tar; thmaﬂ&lgemmpmdphenyl ene di am ne
(including isoners), toluene dianmne (including isonmers) or

4, 4" - 83]3ned| aniline (including isomers) are preferable, while groups
ori gi nat ed fromaliphatic diam nes such as hexanet hyl ene di am ne,

4, 4" - met hyl enebi s(cycl ohexyl am ne) (including isonmers), cycl ohexane

diami ne (including isonmers) or 3-am nonethyl-3,5,5-trinethyl cycl ohexyl

am ne (including i sorre&) are particularly preferable, while groups

origi nateid-lfr H2

(27)
[0104]

(wherein R® represents a group selected from the group consisting of aliphatic groups
having 1 to 20 carbon atoms and aromatic groups having 6 to 20 carbon atoms, the

above groups contain an atoms selected from the group consisting of carbon atoms
and oxygen atoms);

[0105]

a carbamic acid ester produced according to the process of the present
embodiment is a compound represented by the following formula (28):

[01086]

0N Oy o 0O
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hexanet hyl ene di am ne, 4,4'-methyl enebis (cycl ohexyl am ne) or

3-am nonet hyl - 3,5, 5-tri net hyl cycl ohexyl am ne are nore preferable. [0111]
The carbamic acid ester is preferably used as a raw material for producing
an isocyanate conpound in particular. Although the details thereof will be
descri be&? |_ater, an isocyanate and dival ent aromatic hydroxy conpound

(bi sphen %ﬁ are formed by subjecting the carbamc acid ester to a

t her mal decorrp05| tion reaction. The bisphenol A unexpectedly denonstrates
the ef f efwherein R3represgntsa gyoup selectetidrorndbe gnowe copsisting bf aliphaticlgroups
denaturation of the carbam c acid ester represented by fornmula (8) above.

| n addi t havingsl te 20tdarbomiatomg gnal aonsdticogronps tviny 6o barbont Stloms, ke  of
t he i socyanate conpound formed, the isocyanate can be recovered in the

form of abg@@g@wpsobaﬁmﬁgﬁpaaﬁﬂberd&tédefrbhﬂrm gRIR 8bndistiiy) o'PQ:aHﬁfrP&RfrﬁS’ in
the formof a Iiquid phase conponent, thereby facilitating separation

h h h
the thergpj oggﬁﬁrmaﬁ'lst |0 Qéﬁglbﬁlg”agﬁrl?e)ﬁ T regplaﬁg‘yfr fre BAR S'qubsf\tuent

di ssol ves by-products fromt tron as

represen and/ or (10) above
attri but %%@8&;6 ofr§Iﬁ §ﬁ%@ﬁm?%p%g?ﬁ{egs%%%ﬁ%‘g%gﬁﬁ%8[an@?%'a deconposi tion
pr oduct h?%%ﬁe formof the isocyanate, by-products fromthe thernal
denatura reaction can be expelled fromthe reactor where the thernmal
deconp05|t|%5rLeaction is carried out in the formof a solution of

bi sphenol A ereby making it possible to prevent adherence and

accunmul ation on the walls of the reactor while al so enabling operation of
t he |socyanq?e ctilon process based on a thernmal deconposition
reacti on ove 4 period of tinme. [0112] <Transfer of Reaction Liquid>
The reaction liquid containing carbam c acid ester produced by the process
according to the present enbodinent is preferably renoved fromthe reactor

wher e
-0 )
(29)

[0109]

(wherein each of x, y and z independently represents an integer of 0 or more).
[0120]

The R? in formula (29) above is a group originated from the above-mentioned
amine compound, and is preferably a group originated from a linear hydrocarbon
group such as methylene, dimethylene, trimethylene, tetramethylene,
pentamethylene, hexamethylene or octamethylene; unsubstituted acyclic
hydrocarbon groups such as cyclopentane, cyclohexane, cycloheptane, cyclooctane
or bis(cyclohexyl)alkane; alkyl-substituted cyclohexanes such as methylcyclopentane,
ethylcyclopentane, methylcyclohexane (including isomers), ethylcyclohexane
(including isomers), propylcyclohexane (including isomers), butylcyclohexane
(including isomers), pentylcyclohexane (including isomers) or hexylcyclohexane

(including isomers); dialkyl-substituted cyclohexanes such as dimethylcyclohexane
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the reaction was carried out and transferred to a reaction where the
thermal deconposition reaction is carried out on the carbam c acid ester
(to be referred to as "the thermal deconposition reactor”) followed by
carrying out the thermal deconposition reaction on the carbam c acid
ester. In this manner, by using separator reactors for the reactor where
t he calipaivdingdsemesy) e digthylsyelahexane dinduding tisemess) eedbylyinyclobexaeect or,
a suitable reactor can be selected for each reaction and the reaction
condi t (iopkidingh be isdroerd)] y sdrialkyksuhdijutedki ngcyclobexarnds e t suehhancas t he
yield of each reaction. 64 [0113] Since these carbam c acid esters easily

f or m i M{S6+nimetwleycidhekarecn & Sitridthylopcidchexang, et Hb)5-tdprupyldyciohegahée

carbam c acid esters, they frequently have a high nelting point. In the

transf ghcRidirg!ch iserhbayl ¢ afi d e£8iRtmbutfleyclereates: inthidifg CajsBaiErs);aci d
ester can be transferred after subjecting to excipiation treatnment such as

oo 1 SRR LB bRhoefics SHLR e JBKRS; chfibpifereler 8’?%‘%{'@%%*: e
e By O oA 4 o P BB GRABER et aRA Y,
o0t 5 B Rt oot ok RSB 8 R it b
line or variations in the formof the carbam c acid ester. Thus, the

car banf¥agpies Joay, incude chexameihylens inhenylenes c diphenyimethaprsnplodianesn
reactor ina liquid form &114] The met hod used to supply the carbamc

aci d esydphexana ylens, maethyldyclohpeane.isopherane@and eydehexylimethanegroupsan
preferably enploy a nethod in which it is supplied in the formof a
react i dlamnely,t groeps rigimated fyom ediphiatio didmirfes suchmas ihexametyylené aisrhineand
the am ne conpound having prinmary am no groups.
4 4'-methylenebis(cyciohexylamine) (including isomers), cyclohexane diamine
(including isomers) or 3-aminomethyl-3,5,5-trimethylcyclohexyl amine (including
isomers);, and aromatic diamines such as phenylene diamine (including isomers),
toluene diamine (including isomers) or 4,4-methylenedianiline (including isomers) are
preferable, while groups originated from aliphatic diamines such as hexamethylene
diamine, 4,4-methylenebis{cyclohexylamine) (including isomers), cyclohexane
diamine (including isomers} or 3-aminomethyl-3,5,5-trimethylcyclohexyl amine
(including isomers) are particularly preferabie, while groups originated from
hexamethylene diamine, 4 4'-methylenebis (cyclohexylamine) or
3-aminomethyl-3,5,5-trimethylcyciohexyl amine are more preferable.
[0111}
The carbamic acid ester is preferably used as a raw material for producing an
isocyanate compound in particular. Although the details thereof will be described
later, an isocyanate and divalent aromatic hydroxy compound (bisphenol A) are

formed by subjecting the carbamic acid ester to a thermal decomposition reaction.

The bisphenol A unexpectedly demonstrates the effect of improving the yield of
63



The inventors of the present invention unexpectedly found that when the
carbam c acid ester is transferred in the formof a mxture with an
aromati ¢ hydroxy comnpound, reductions in carbam c acid ester caused by

t hermal denaturation of the carbamc acid ester and the Iike as well as
decreases in yield of the isocyanate conmpound can be inhibited. Al though
t he remana?/e by Bitingthegnaldenaturation 9fthe garbamis acidiefter rRRIASMEd of
the present invention presunmed that, in a reaction that forns urea bonds
as rephystonath (§) abevd.orlmadditien, siboedhedwiling pointtofdiisphendiahds highets
(-NHCOO- ) of the carbamc acid ester and the aromatic hydroxy conpound 65

cont ai tieah thatiofithe isacyanaterdompound fanmedg tHe/doogamate cadthe sicoveradia the
uret hane bonds are forned in a state in which it is difficult for themto

appr oaghmef h §hdkdus bhades cofbbheAtivhilé e bispHert W €h beSebbvéradiif thee
formati on of ufea bonds to occur. [0115] There are no particular

L GRS RO Bt sl L0
o bR Arotckl VRN R B el R il BRiBigls 2
di sti | AR Foe TaTpia A BHAGHO SHB AL aS SpBresetY PbITPb REMAP %I TGV RS

carbam ¢ acid ester and the aronmatic hP/droxy conpound. In additi&rgl, t he
ar onmt i(8) APEIEP) Enderu (i) reBovenattdbutablesta) the cambamicnacid fster,apdsthai ni ng

the carbamc acid ester obtained by reacting the aromatic polycarbonate
and t h¢henmaledennmpositipr predust gnitharfprmmefnibe igooyanate] by-pspdusts ifegmahevel y,
a reaction mxture containing the carbamc acid ester and the aromatic
hydr ox fhemmnaiodenbturdtioai readtion car bgi expelled fréra theactactor where dne tthermal
aromati ¢ pol ycarbonate and the am ne conpound having primry am no groups
as decomposition reaction is carried out in the form of a solution of bisphenol A, thereby
making it possible to prevent adherence and accumulation on the walls of the reactor
while also enabling operation of the isocyanate production process based on a
thermal decomposition reaction over a long period of time.
[0112]
<Transfer of Reaction Liquid>
The reaction liquid containing carbamic acid ester produced by the process
according to the present embodiment is preferably removed from the reactor where
the reaction was carried out and transferred to a reaction where the thermal
decomposition reaction is carried out on the carbamic acid ester (to be referred to as
“the thermal decomposition reactor”) followed by carrying out the thermal
decomposition reaction on the carbamic acid ester. In this manner, by using
separator reactors for the reactor where the carbamic acid ester is produced and the
thermal decomposition reactor, a suitable reactor can be selected for each reaction

and the reaction conditions can be flexibly set, thereby making it possible to enhance

the yield of each reaction.
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descri bed above using the aromatic hydroxy conpound as a reaction solvent,
may be wused directly. Since this nethod enables the reaction mxture to be
transferred directly, the process is sinplified, thereby making this nore
preferable. [0117] The transfer of the m xture is preferably carried out
within a tenperature range of from 10C to 180C, nore preferably within a
range #®1%¥3om 70C to 170C and even nore preferably within a range of from
100C to 150C. If the tenperature is excessively high, the effect of the
aronati c hySinoca thesengarbamioacidestars easjlyfoanialermelecidarhvdregen hopes PXe
carbam c acid ester tends to be difficult to obtain, while on the other
hand, ibondirg trethene constituting tiee carbarhic acid/estérs, theycrequentlyf have anhighur e

i ncreases, which may cause problens during transfer. [0118] <Ther nal
Deconpegeéltihg haiht. Can RB1 warsTef oEsueh>cdrbaniiol doidviaxters] dor dgample, ex Fotidat i on
of the production of the isocyanate and divalent aromatic hydroxy conpound

by t herc%?éa!ﬂﬁzcé’ém tdr &h BE tidHRFéPEP aftbF sﬁgibﬁting?% Bicipition! thédtiint such

deconposition reaction of the present enbodinent is a reaction for orm ng

L oSO AR O bR S 98 SRt
o L BRI S HESR R RGeS Al

tenperature is generally within a range of from 100 to 30QC, ,and although
a high qaéﬁﬁemawﬁwah i3 GBpIeX - APRATAHS e %@vtﬁﬁ%ﬂgfﬁam éh 'P‘Qf'e?"&S’H"k
other hand, since there are cases in which side reactions as_previously
descr i matbamic Beid estendedequired g acsipprist ieauied doermifyipdothe fierme af fhsi ¢
acid ester and/or product in

carbamic acid ester within a certain range is required in cases of frequent clogging of

b4

the transfer line or variations in the form of the carbamic acid ester. Thus, the
carbamic acid ester is preferably supplied to the thermal decomposition reactor in a
liquid form.

[0114]

The method used to supply the carbamic acid ester o the thermal
decomposition reactor in the liquid form can preferably employ a method in which it is
supplied in the form of a reaction mixture obtained by reaction of the aromatic
polycarbonate and the amine compound having primary aminc groups.

The inventors of the present invention unexpectedly found that when the
carbamic acid ester is transferred in the form of a mixture with an aromatic hydroxy
compound, reductions in carbamic acid ester caused by thermal denaturation of the
carbamic acid ester and the like as well as decreases in yield of the isocyanate
compound can be inhibited. Although the reason for demonstrating this effect is
uncertain, the inventors of the present invention presumed that, in a reaction that
forms urea bonds as represented by the formula (8) above, as a result of urethane

bonds (-NHCOO-) of the carbamic acid ester and the aromatic hydroxy compound
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the formof the isocyanate conpound, the reaction tenperature is preferably
within a range of from 150 to 250C. A known cool i ng apparatus or heating
apparatus may be installed to maintain a constant reaction tenperature. In
addi tion, although varying according to the types of conpounds used and
the reaction tenperature, the reaction pressure is such that the reaction
may beceatainashinoihe reaction mixkee formaing hvdrogetb baads, ke thes urgthang perda d
pressure, and the reaction is generally carried out wthin a range of from
20 to are famgeddn arktate inrwhich ibds wiffcuihfor them do0i approsah taash ethest tds ti me
(residence time in the case of a continuous process), and is generally 67
wi t hi ndifficuinfoe tivd réaotionef@ifing éin tHiOfommation of ueéa behdy tovotdurn a range of
fromO0.005 to 50 hours and nore preferably within a range of fromO0.01 to
10 hou“§H530120] A catalyst is preferably not used in the present

enbodi rent . Al t hough the thermal deconposition reaction may be pronoted by

using a cat | Saedi it | trasgtthé n
whi b, ¢ hor 8 et are hO BBkt M i USRS 0Bl SRS
reactign Lributabl 0 ' ' d/ o
[ socyaﬁa&@?@&ﬁgangggg %)%W%ﬁ?ﬁ@sﬁ}"m‘g@%%ﬁ& ?ﬁé 1f:gtjlgove- n%lﬁt iﬂc])%ed
side reactions y qQccuf,i.n the case a carbamc acid ester is held for a
Tong t CRIDAICAGH stek ABtITRd, DY, thé, rearioD ReweeRctHes BiiAls pobearhanat
formed by the thermal deconpagsition reaction may al so pauaf side reactions
as pr e@ndube @rissGanreUNdriayng minany AMNG: ITeYPRIASHTeVIpMSs 2o dRAY
ester and the isocyanate conEound are held at a high tenperature is
pr ef er biel sepasatedhand recoverad byithe kaown: methadesueh agsrysiplization distiiativeon i s
preferably carried out wth a continuous process. A continuous process
r ef er s separationamresembranéisgpatdtion folletvedeby mixing rthe garbamicaatidnéstenand
ester is continuously supplied to the reactor and subjected to the thernal
deconp@sé br@afi® AGHicky. cafifolim® rigsadditityg thecarpataticehydroxy compound may
be added and mixed with a mixture containing the carbamic acid ester obtained by
reacting the aromatic polycarbonate and the amine compound having primary amino
groups.
[0116]

Alternatively, a reaction mixture containing the carbamic acid ester and the
aromatic hydroxy compound, obtained by carrying out the reaction between the
aromatic polycarbonate and the amine compound having primary amino groups as
described above using the aromatic hydroxy compound as a reaction solvent, may be
used directly. Since this method enables the reaction mixture to be transferred
directly, the process is simplified, thereby making this more preferable.

[0117}

The transfer of the mixture is preferably carried out within a temperature range

of from 10°C to 180°C, more preferably within a range of from 70°C to 170°C and

even more preferably within a range of from 100°C to 150°C. [f the temperature is

excessively high, the effect of the aromatic hydroxy compound of inhibiting thermal
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conpound and dival ent aromatic hydroxy conpound are continuously extracted
from the thermal deconposition reactor. In this continuous process, |ow
boiling point conponents forned by thernmal deconposition of carbam c acid
ester are preferably recovered fromthe top of the thernmal deconposition
reactor in the formof a gaseous phase conponent, while the remaminder is

r ecover d@natusatiom of $he ccabamic aeid esterdendsta bepdifiicultde okta oyhilenoniber or m

of a liquid phase conponent. Here, |ow boiling point conmponents include
t he i soojkeratandprip thedempirature his exceasivaly slowycthe viscosity dfothe anixture
nonoval ent aromati c hydroxy conmpound. Although all conpounds 68 present in

t he t heimoreaskes; avtiicls ntaycaustsioblemsadubing traesfear ed in the formof a
gaseous phase conponent, the presence of a |iquid conponent in the thermnal

deconpogpfqg)n reactor has the effect of preventing adherence and
accurnul ati on of polyneric conpounds on the thermal deconposition reactor

by di ssol vi ' HRAUSKLS ' reactions induced by the
carbam c ac?nggbégﬁgﬁﬁpgﬁg |socygﬁggéﬂggﬁggﬁﬁﬁﬁgAlthough an i socyanate
conpound an i ] ' C u :

deconposi ti gﬂ%o?ﬁ‘lf’%% gﬁ% %Qc%q%@%’ﬂ 8{&% B%gg{ﬁgﬁgfgﬁgt'%}écs’gﬂgé%hﬂnds
I's recovegred in the formof a gasequs phase, .conponent. hough whi ch  of
hese. cOMARPIAOMBte BisTbRe gombound b e decaRenstion i sbe Enainard s
dependent on the conditions of the thermal deconposition reaction, from

t he vieﬁ%ﬁﬁ&n of obtaining a highly pure isocyanate conpound, the

i socyanate conpound is preferably extracted in the formof a gaseous phase
conponent . |the thermatdecomapositipaneaction of thetresent grubpdinen is 8 reastiargrnal
deconposition reaction after being supplied to the thermal deconposition
react or fomninghthef corresponding isbeyanatet corhpeurd drom ithe foadbamic acidpested de
previ ously described, - al though whether the aromatic hydroxy conpound is
recover driasuldr, 4A6 eividefh afdmati® MYAR®H compauhd dsi fdrmbdssintitapesestto dhgends

on the conditions of the thermal “deconposition reaction, it is preferably
recover ¢shdyanhtte ffthMhOtadaRiecatidl B3&ein which h and g are both 0 in the
above-mentioned formula (22) or formuia (26).
[0118]

The reaction temperature is generally within a range of from 100 to 300°C, and
although a high temperature is preferable to increase the reaction rate, on the other
hand, since there are cases in which side reactions as previously described may be
induced at high temperatures depending on the carbamic acid ester and/or product in
the form of the isccyanate compound, the reaction temperature is preferably within a
range of from 150 to 250°C. A known cooling apparatus or heating apparatus may
be installed to maintain a constant reaction temperature. In addition, although
varying according to the types of compounds used and the reaction temperature, the
reaction pressure is such that the reaction may be carried out at decreased pressure,
normal pressure or increased pressure, and the reaction is generally carried out

within a range of from 20 to 1 x 10° Pa. There are no particular limitations on the

reaction time (residence time in the case of a continuous process), and is generally
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conponent from the viewpoint of avoiding the carbam c acid ester being
formed by reacting an isocyanate conpound and the aromatic hydroxy
conmpound, and the carbam c acid ester being recovered together with the
I socyanate. [0122] For exanple, a nethod can be enpl oyed whereby the

i socyanat e conpound forned by the thernal decoqusition r ictiﬁg) ggthe
a7 omat WEhImAIFGP Cbifpm P01 4Pl A0boNE: BRSTRFABIY, WY thranoa of 405 D00 ¢
conponent, and a liquid conponent is recovered containing the dival ent

ar omat 5@ hbuck ang nevepoedetsabiy evithin alrangaobiromc08d tacithewser. In this

met hod, the isocyanate conpound and the aromatic hydroxy conpound may al so
be recjg4@0pd separately in the thermal deconposition reactor. The gaseous
phase conmponent containing the recovered isocyanate conpound is preferably

suppl i ed ta @gatdiyat i |rbicPabIFPRGY Béetd i theSHreaeat entbadivent!r i Altiought the
| socyanat e conpound in the gaseous phase. Although the gaseous phase

conpo bitigagitoRerdaf \$ UURASS HOUBAY"S GtaySe DR hedl to a
di sti F@%ﬁ%ﬁ%%%&aﬁi at ﬁfgﬂa %ag:ﬁaﬁgﬁ%g ?‘?gﬁé orma(sﬁfo the liquid phase by a
condenser. a thelike th . d '
becomnarete/abia.shas ke manRedkes Hsh ieR shdBates sEcaRmlT e e |
the. di ORREFRNGE: S0P SRRIPER PRTBIRDR 10 RGP THE S0 SR VAN PELLEF 1o
recovered fromthe bottomof the therpal deconposition reactor, and in the
case tisecyanale sopmaimdampraviousicdeseibed carbanic acid ester, all or a
portion of the liquid phase conponent is supplied to the top of the

t her ma]01@d4¢onpositi on reactor after which the carbanic acid ester is
resubjected to the thernmal deconposition reaction. The top of the thernal
deconposi t The altast-oentionedfside edadtionisemayi octiurdnethe ¢ase axcarphmic tdeid | evel
of the second plate or higher fromthe bottomin terns of the nunber of

t heor ebtenlis Mald &Br id) lodd&ins s 4 hgh femperaties.onipoaddition, tesdsasyanate

distillation colum, and in the case
compound formed by the thermal decomposition reaction may also cause side
reactions as previously described. Thus, the time during which the carbamic acid
ester and the isocyanate compound are held at a high temperature is preferably as
short as possible, and the thermal decomposition reaction is preferably carried out
with a continuous process. A continuous process refers to a process in which the
mixture containing the carbamic acid ester is continuously supplied to the reactor and
subjected to the thermal decomposition reaction, and the resuiting isocyanate
compound and divalent aromatic hydroxy compound are continuously extracted from
the thermal decomposition reactor. In this continuous process, low boiling point
components formed by thermal decomposition of carbamic acid ester are preferably
recovered from the top of the thermal decomposition reactor in the form of a gaseous
phase component, while the remainder is recovered from the bottom of the thermal
decomposition reactor in the form of a liquid phase component. Here, low boiling

point components include the isocyanate compound and/or the reaction solvent in the

form of the monovalent aromatic hydroxy compound. Although all compounds
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the thermal deconposition reactor is a thin filmdistiller, indicates the
portion higher than the heated transfer surface. Wen supplying all or a
portion of the liquid phase conponent to the top of the thernmal
deconposition reactor, the liquid phase conponent is transferred while
preferably maintaining at 10 to 300C, nore preferably 30C to 250C ?nd even
mor e ppegsentiin ythecthermpal decompesitioni feastor cande recavaigd yinnieafgmy, of A
portion of the liquid phase conponent to the thermal deconposition

r eact ogaséduss pimage beorponenty thet peeiseace hafl ianliquidroomgonent i theptermah of
the dival ent aromatic hydroxy conpound contained in the |iquid phase

conpongetompBsitié Z8actor aidthet effect of priventing adherenceb and gocapradatisre oé by,
for exanple, the isocyanate conpound formed by the thermal deconposition

reacti ngh%ﬁcesaﬁsbﬁﬁhé Bn thB&héRAAD d’éc@nﬂ@ﬁ;ﬁ&vﬁeﬂ@ﬁﬁy%mﬁ%tpolvm&i@ a

l'iquid ase conponent is recovered containing the aromatic hydroxy

Co”pougcgrggghkéﬁ% 98méd O:ytsiic{é 'g% et in%@?ﬂw tRE Ltbafrit el esfii Sndol er -

The ga s€ conponen al ni ng e recovered | socyanate conpound

is preferably supplied,in e gaseous lSLil| ati us

f or seE&’P&?ﬁ‘%& ﬁ&fngHPﬁjf yﬁh@o?ﬁé qnsb*‘c%%ﬁ%% %&'ﬂghéé%eﬁ%lggte%@ﬁ%ﬁgse
conponent contai ning, the recovered I socyanate conp d can be _supplied to
a di st hydraxy sompRiHidiesfosmed; by el FéFﬂﬁ‘PPéﬁ'é?“l &35?&63%%@&0 ﬁvaf%teﬂ
condenser and the |like, there are many cases in which the apparatys
beconest deast] ene Hfdthese cempaurds s daePYEreds iy the, dpen fsa Q?n%)céﬁy pﬁﬁﬁ? ng
this undesirable. On the other hand, the |iquid phase conponent contai ning
t he ar comiponeht,drAithoughnmichd of thiesal corapeundsmis deeguaresyincthep & dndl/ or
carbam c acid ester is recovered from the bottom of the thernal

deconpgasédws) plkass ocompodentn is hdependentheor i thei dcaniditioms cfmbe etherowht ai ns
carbamc acid ester, all or a portion of the liquid phase conponent is

i ch © e ey o o b CRar " decorpoel 11 o
compound, the isocyanate compound is preferably extracted in the form of a gaseous
phase component. In the case the carbamic acid ester is subjected to the thermal
decomposition reaction after being supplied to the thermal decomposition reactor in
the form of a mixture with the aromatic hydroxy compound as previously described,
although whether the aromatic hydroxy compound is recovered as a gaseous phase
component or a liquid phase component depends on the conditions of the thermal
decomposition reaction, it is preferably recovered in the form of a gaseous phase
component from the viewpoint of avoiding the carbamic acid ester being formed by
reacting an isocyanate compound and the aromatic hydroxy compound, and the
carbamic acid ester being recovered together with the isocyanate.

[0122]
For example, a method can be employed whereby the isocyanate compound
formed by the thermal decomposition reaction and the aromatic hydroxy compound

are recovered in the form of a gaseous phase component, and a liquid component is

recovered containing the divalent aromatic hydroxy compound and/or the carbamic
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reaction. When supplying all or a portion of the |liquid phase conponent to
the top of the thernal deconposition reactor, the liquid phase conponent
is transferred while preferably nmaintaining at 10C to 300C, nore
preferably 30C to 250C and even nore preferably 50C to 120C. In addition,
when re-supplying all or a portion of the Iiquid phase conponent to the

t her mal anid @H@si D dhis sethed, theiiscqyapale comnausd and ther armatis, ihygroxy
renmoved all or a portion of the divalent aromatic hydroxy conpound and

af ter r esompoundamayoalsa e recavered separatelynint the themmak decompositianfreaatarhe
liquid phase conponent. 71 [0124] Although previously described, the

li quid ptes gaseons phasei compehertaddntainirap tiee eecdvered tibecyariate rconipaund is
t hermal deconposition reactor in the thernmal deconposition reaction. This

| s becaysigferAlyly2slippiietd tbha disillafok "assarafis 36 Mephfatindf ande griffying thee

t hermal 'deconpodsition reactor, the liquid phase conponent dissolves

pol ymer i; indiod Ld8o] LQNS | EH&.@@ Me ! BEsédid PHaze
acid estig?%rl{%?%r%ggggﬁﬂ,m%hg?%?uiﬁgﬁﬁg tﬁﬂese y?p?o ﬁcts tgﬁﬂbe
expelled fr t.h her nal Iyt t ' o) f a3 L quid
phase ¢ o%ﬁ%maﬁ?ﬁtaﬁgﬁ Ithéj ﬁ’é%@é}ﬁ Heisgp}'é'ﬁig o&mhﬁﬂé‘? ﬁcénaé %]eguenrf@ 'éaha?\HEil a
accunul at.i of the polyneric, c ounds in the. therml deconposition
react or é'f@%ﬁ'@f‘ annw%ué %Fg@%’éﬂ ﬁgﬁﬁﬁor@@péogbpﬁpwfpﬁﬁﬁ Vr?egg’i‘ieqsﬁé 4 ui d
phase conponent al though all or a portion of the |iquid phase conponent
i s supplthedikep thee aps neanyt kases fir which dB@@ﬂR%?tﬂJﬁo‘?ﬁcﬂ&%ﬁ &P @nd the
carbam c acid ester is resubjected to the thernmal deconposition reaction,
repet it iamount ofepergyepsediincresses, tharelye makingrihiatunsiesirgblepolQmdhe other
by-products in the liquid phase conponent. In such cases, all or a portion
of the |hand,d thdaliuid ophasencomponkat r eordaiaihg rthen tdivalertacaromatisy Siydnoxy
thereby reducing accunul ation of polymeric by-products or maintaining at a
fixed compound and/or the carbamic acid ester is recovered from the bottom of the themal
decomposition reactor, and in the case the liquid phase component contains
carbamic acid ester, all or a portion of the liquid phase component is supplied to the
top of the thermal decomposition reactor after which the carbamic acid ester is
resubjected to the thermal decomposition reaction. The top of the thermal
decomposition reactor as referred to here indicates, for example, the level of the
second plate or higher from the bottom in terms of the number of theoretical plates in
the case the thermal decomposition reactor is a distillation column, and in the case
the thermal decomposition reactor is a thin film distiller, indicates the portion higher
than the heated transfer surface. When supplying all or a portion of the liquid phase
component to the top of the thermal decomposition reactor, the liquid phase
component is transferred while preferably maintaining at 10 to 300°C, more
preferably 30°C to 250°C and even more preferably 50°C to 120°C. In addition,
when re-supplying all or a portion of the liquid phase component to the thermal

decomposition reactor, this may be carried out after having removed all or a portion of

the divalent aromatic hydroxy compound contained in the liquid phase component.
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concentration thereof. [0126] The aromatic hydroxy conpound obtained in

t he above process can be recovered by separation and reused as a reaction
sol vent during production of the carbam c acid ester and/or as a sol vent
used during transfer of the m xture containing the carbam c acid ester
and/or_as a solvent in the carbam c acid ester thermal deconposition
reactiEH23ﬂ0127] 72 In addition, the isocyanate recovered by the above
process can be purified b t he known net hod such as distillative

separ at i onloradditien,age mathed acannalsenbe agmploysd wherely,, 0T gxampigrathe
hydr oxy conpound recovered after going through the above process can be
puri f i mochanateecompiunitl formedaby thes thermai idecompasition keaction lismrecoyesediin on or
crystallization. [0128] Although there are no particular limtations on

the tyge gbrmh hef tahgadBbus dsitasEr adntipanent cadiler a ligaidk phase dcompbheni ds
apparatus is used preferably in order to efficiency recover the gaseous

phase f&'@%?ﬂﬁ: }cgﬂié?ﬁihﬂ Ughek BRYafi® twrc%m&ﬁﬁ\d, f fivalBHE rémaaa dhyiroxy

exanpl es o may i ncl ude types usi'ng reactors containing a

distil ' | ti.st LSt ti | | tor,
cont i e EBURg it cdbahlis RS lier | T ccet ptbe ReimpohibafafiRL" O

tor, 4 i ded i th t . insi f ' '
Feact ofte FspvpiRG BPPHTERTR somRcind i drBiRa Pl T e R U g
oot Sl Sbeeaial o amvbohS G 6 Rocvenslen AR i "
reaction system while a structure having a | arge gas-liquid contact area
is pronsecus phase companenticontainingpthgl fecovaresk isocyarate RPRBPYNth §apdhet

conponents forned to the gaseous phase.
supplied to a distillation apparatus after transforming to a liquid phase by a condenser

and the like, there are many cases in which the apparatus becomes complex and the
amount of energy used increases, thereby making this undesirable. On the other
hand, the liquid phase component containing the aromatic hydroxy compound,
divalent aromatic hydroxy compound and/or carbamic acid ester is recovered from
the bottom of the thermal decomposition reactor, and in the case the liquid phase
component contains carbamic acid ester, all or a portion of the liquid phase
component is preferably supplied to the top of the thermal decomposition reactor
after which the carbamic acid ester is resubjected to the thermal decomposition
reaction. When supplying all or a portion of the liquid phase component to the top of
the thermal decomposition reactor, the liquid phase component is transferred while
preferably maintaining at 10°C to 300°C, more preferably 30°C to 250°C and even
more preferably 50°C to 120°C. in addition, when re-supplying all or a portion of the
liquid phase component to the thermal decomposition reactor, this may be carried out
after having removed all or a portion of the divalent aromatic hydroxy compound and
after removing all or a portion of the aromatic hydroxy compound from the liquid

phase component.
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[0129] Although the material of the thermal deconposition reactor and
lines may be any known nmaterial provided it does not have a detrinental
effect on the carbamc acid ester, divalent aromatic hydroxy conpound or

i socyanate and the like, materials such as SUS304, SUS316 or SUS316L are

| nexpensive and can therefore be used preferably. [0130] <C eaning of
Thernal[@%@ﬁhposition Reactor> 73 In the present enbodi nent, there are
cases in which the reaction liquid containing carbanmc acid ester obtained
by reacting Alfsougtorpreviously yiesctbedt dhenlinuid nehase necropepeiiinds Herefergbly
primary am no groups contains polyneric side reaction products represented
by, for resevered, frolve thédoattomndfi tree thémnatudecgraposiiiop weadtarlim) the Shamsal

t hese side reaction products easily dissolve in the aromati c hydroxy

conpountjedofpasitiors &sRSion! h¥histkdetanss) ediiowingthenigaidt please compdnent to
containing the aryl carbamate. However, 1f the majority of the aromatic

nyaroxy goreds it f! iRl EQbbEtioh "RiERr, AREOTRGE! bhade ' SaRbSeht”

the form of  a gaseous phase conpone the side reaction products end up
i tali : ” ;

Pher et o. Shdfes Relifer B Haddde J8RAay by BdeiRElofing Miuce ) BHe aeIfic

d | Li . I d.t t Qi ' ;

opor | IS POt NG BN, paLstY Shepita:fisre B Rluct e Bipaliim: o,

difficult, thereby resulfing in.the nee%ﬁto_%’/saﬁse l.e and cl ean khed

ther mal thecthepnal ﬁ%tsﬁmméﬁ@poreaq*@rlyl]the am; ok, anlgsid Ri1ase, component an

i nvention unexpectedly found that conﬁound adhered to the thernal .

deconpogestlingr inathe efiest iaf yredusingl adheiengs and rrgouMuiglionof theoRpYIRIIC on

the basis of this finding, in the case side reaction product have
compounds in the thermal decomposition reactor.

[0125]

In the case carbamic acid ester is contained in the liquid phase component,
although al! or a portion of the liquid phase component is supplied to the top of the
thermal decomposition reactor and the carbamic acid ester is resubjected to the
thermal decomposition reaction, repetition of this step may result in the accumulation
of polymeric by-products in the liquid phase component. In such cases, all or a
portion of the liquid phase component can be removed from the reaction system,
thereby reducing accumuiation of polymeric by-products or maintaining at a fixed
concentration thereof.

[0126]

The aromatic hydroxy compound obtained in the above process can be
recovered by separation and reused as a reaction solvent during production of the
carbamic acid ester and/or as a solvent used during transfer of the mixture containing
the carbamic acid ester and/or as a solvent in the carbamic acid ester thermal
decomposition reaction.

[0127]
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adhered to the thernmal deconposition reactor, the inventors of the present

I nvention proposed and perfected a nethod for keeping the inside of the
thermal deconposition reactor clean by cleaning the walls of the thernal
deconposition reactor with an aromati ¢ hydroxy conpound to di ssol ve these
side reaction products and renove themfromthe thernal deconp05|t|on
reactor. As i padilion, the isesyanategecoveredily Hirabeve psocars Gan be pirfiedeby

t hermal deconposition reactor can be cleaned wi thout having to disassenble
and sepathet &howol ewthothesudie asadistilative separation o aneohrané esetuatiome bt
the thermal deconposition reactor can be mnimzed, 74 thereby resulting in
hi gh i soagdition cther didaient arorabfic diydroxy. corhpdaing ré'rkweeecmaﬁengom througtathe
limtations on the cl eaning solvent provided it dissolves the polyneric

by- pr odugpgve precedist Bande Wnﬁé@ﬁl% fh@%éthaa slmhr aarmgtnmiivé $aparkton, Ufilasl,
organic acid i's used preferably t hough exanpl es of organic acids may

i nclude g Jonic acid, sulnic acid, phenols, enols,
t hi opheno ?ﬁ%ﬁé‘h‘bgg I'zarcrt\}eas and aromatic sul fonam des carboxylic acid and

phenol s @f? Tsed pref erably. Exanpl es of such corrpounds may i ncl ude
saturate |8 unsaturated aliphatic nonocarboxylic acids such as form' C

acid, acetic lonic acid n- butyric acid SO

val eric aci dAﬁBQUQQI &}qu ate o pticular plipiations QN 0&‘ BYR)%{ ermal
hexanoi ¢ aci d, isocaproic acid, 2-eth Ibutan0|c acj d, 2- dlnethylbutan0|c
aci d, hege%pmpes@en de%ﬂﬁbltbﬁ kngwns@istifation %nn%rﬁmscfsm preferablydnRyder to
|soners) nonanoi ¢ acid (including isoners), decanoic acid (including

i soners) efficieney aacoverdbe gaseous pbase coemwea; winsdinavwn msthiods as uskchg

i somers), tetradecanoic acid (including isoners), hexadecanoic acid

(i ncl udi fug suehreregctor@xginples of wiichcmalydncladedypes usingr reiactors cootainingiany |
acetate, nethacrylic acid, angelic acid, tiglic acid, allyl acetate or
undecenogigtiistich (obnﬁhnldlmnqtustageednsimatm ¢bRinGs! mulmubarawmaecbr onfihadus

di carboxylic acids such as oxalic acid, mal oni ¢ acid, succinic acid,

gl utari cmuytistage distillation column, packed column, thin film evaporator, reactor provided
with a support inside, forced circulation reactor, falling film evaporator, falling drop
evaporator, and types using combinations thereof. Methods using a tubular reactor
are preferable from the viewpoint of rapidly removing low boiling point components
from the reaction system, while a structure having a large gas-liquid contact area is
preferable for being able to rapidly transfer the low boiling point components formed
to the gaseous phase.
[0129]

Although the material of the thermal decomposition reactor and lines may be
any known material provided it does not have a detrimental effect on the carbamic
acid ester, divalent aromatic hydroxy compound or isocyanate and the like, materials
such as SUS304, SUS316 or SUS316L are inexpensive and can therefore be used
preferably.

[0130]

<Cleaning of Thermal Decomposition Reactor>
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acid, adipic acid, heptane diacid (including isoners), octane diacid

(i ncluding isonmers), nonane diacid (including isoners), decane diacid
(including isoners), maleic acid, fumaric acid, nethylnmaleic acid,

met hyl fumaric acid, pentene diacid (including isomers), itaconic acid or
allylmal onic acid; saturated or unsaturated aliphatic 5{i0ﬁé§§§%Lic. cids
such as 1, therpesaet emkedimeny, thergcpre casessinywhiehethe; re HQuid:  aci d
or 2,3-dinethylbutane-1,2,3-tricarboxylic acid; aromatic carboxylic acids
such acoritaining carbaimic aciet byteb @blained kyi reacting theliangmatic pelycaroaiate aishzoi ¢
acid (including isomers), propyl benzoic acid (including isoners),

di met mkbahite corapognd Raving plimdiy gmiinoe geouy)s containsnpoliieierside ceaction
(including isoners); aromatic dicarboxylic acids such as phthalic acid,

I sophtﬁ]%bh&ts%bﬁhsérﬁécfav,%abklém,Cihérab@saéhuénﬁcmm formiuta (8)c(9) dridglioydi ng

| somers); aromatic tricarboxylic acids such as hemnellitic acid,

trime élhbﬁ‘ihé’&é ?ﬁer’eka'ﬁﬁgﬁ@tf%%ﬁeg%ﬁ%m9"5}“5"'@“ d AptsurRlich as

phenol - nong se, "arohatl s are preferable in

't hanaaahy Bees: dhey al pidgolvsitin e FAEABR IR toptaiti R fodBarie ot B
. Ex f such ic h ds. | nel

rono- SHBWBKPLL B TG LA RTOBRB AR PTG s BreRE: fifm teer ).

et hyl phenol (i ncluding isoners), propyl phenol (including isoner .
but yI piherprl deeempasitionireasier &) the, &M op AGATeqUS RIS FMPOBRRh 3‘}‘? side
hexyl phenol  (including isonmers), heptyl phenol gincluding_isoners),

oct y| preastion (productsi egdi wprpresipitatingrin| {iee thermal rdgaempritian (feastpr and
decyl phenol (including isonmers), dodecyl phenol (including isoners),
pheny| fpbguericy( iadberslithgréteoniwWhen theseozgmipeunds (ihat | havien @dhiesedrdos theor
cunyl phenol (including isoners); di-substituted phenols such as

di met hyHepan decbinpdsition tedcBrmBESUmuiitéd hy! ®lvenain degede|diney Magniengssic

di propyl phenol (including isoners), dibutylphenol (including isoners),

di pent yplengh o@’?rﬁlﬂ ' de:bélgﬁgaéﬁibn b BRY ¥haRARS IdrgRRImtbparation aeisll,

di hept yl phenol™ (including is rs), dioctylphenol (including isomers),
di nony{ pRENPkeddiiig #14HE HetQR hkasSeiiBRY hLRESHOAN the thermal decomposition
reactor.
[0131]

The inventors of the present invention unexpectedly found that compound
adhered to the thermal decomposition reactor easily dissolve in an aromatic hydroxy
compound. On the basis of this finding, in the case side reaction product have
adhered to the thermal decomposition reactor, the inventors of the present invention
proposed and perfected a method for keeping the inside of the themal
decomposition reactor clean by cleaning the walls of the thermal decomposition
reactor with an aromatic hydroxy compound to dissolve these side reaction products
and remove them from the thermal decomposition reactor. As a result of employing
this method, since the walls of the thermal decomposition reactor can be cleaned
without having to disassemble and separately clean the thermal decomposition

reactor, the downtime of the thermal decomposition reactor can be minimized,
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(i ncluding isoners), didodecyl phenol (including isoners), diphenylphenol
(i ncluding isoners), diphenoxyphenol (including isoners), dicunylphenol
(including isoners), nethylethylphenol (including isoners),

met hyl propyl phenol (i ncluding isoners), nethylbutyl phenol (including

I somers), nethyl pentyl phenol (i ncl udi ,songrs), methyl hexyl phenol

(i ncl udi W&"?%Mﬂgl '%Fﬁ?@ﬂ???tﬁrﬁﬁagc'ﬂ‘?mgﬁﬁlfﬂ)%- i soners),

met hyl oct yl phenol (i ncluding isomers), methyl nonyl phenol (including

i sorrer s)[013@Et hyl decyl phenol (i ncluding isoners), nethyl dodecyl phenol

(i ncluding isoners), nethyl phenyl phenol (including isoners),

met hyl phenox¥heenate fopartictilaglimitatienss pn the @leanimy solvent pravided tidigsalesg
i somers), ethyl propyl phenol (including isoners), ethylbutyl phenol

(i ncl udi me Eél?ﬁ‘ﬁri%) by-prédiicts;nand Rithoagh (@m otgahic eicids omiarganic acid may be
et hyl hexyl phenol (including isoners), ethyl heptyl phenol (including

i somer S)usecﬁtgr#eaﬂi‘é YeRN N Useli prefetdbR IAHNBRER) exAthplesnen bigdme dlcids may

(including is rs), ethyldecyl phenol (including isoners),

et hyl dOdﬁ‘Ee (%h%g odAi@chyd] ggpbﬁﬁﬁgélﬁ) ,su;ﬁﬁé%&??'ﬁﬂ(ﬂﬁ{}&ﬁ]%nél%”%fdgi'naﬂols,

| sonmers), ylI'phenoxyphenol (I ncl udi hg 1 soners cunyl phen

(i ncl udi ng .isoners rropyl byt vyl phenol..(in i i rsy)

propyl peﬁ&??ﬁh@ﬁ'mgs( Pﬁgl M‘ﬁyﬁ@ﬁ‘gﬂwgﬁr %tﬁhﬁ&%lﬁﬁgﬁ ?P%’(‘:?'lsjcﬁ rﬁgused
| soners), r I t yl phenol (jncluding, i soners ropyloctyl phenol
(e uch besBiaBhl: SRS o suth CompriTts, FEbincnpe seirpld br FHeMtirated
propyldecylphgnol (i ncluding isoners), Fropyldodecyl_henol ginqludin

i somer s) alipaticy Manesarymetiol agids Surn 4§ TXBHeragd, apelis\acihe RESRIPNENBFI,
(including isonmers), propylcunyl phenol (including isoners), ] .
but y| pennsiutyrenakid; i isobutyiio gdid,ovalesy  adidit isovaleyicpacidoi2-methylbutangic acid,
I soners), butyl heptyl phenol (including isoners), butyl octyl phenol

(i ncl udi pgalisomacikd,, Hexayboiwny hpienolisqdapediodi racid,s on2wethylbutanocic  acid,
but yl decyl phenol (i ncluding isoners), butyldodecyl phenol (i ncluding
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isomers), undecanoic acid (including isomers), dodecanoic acid (including isomers),
tetradecanoic acid (including isomers), hexadecanoic acid (including isomers), acrylic
acid, crotonic acid, isocrotonic acid, vinyl acetate, methacrylic acid, angelic acid, tiglic
acid, allyl acetate or undecenoic acid (including isomers); saturated or unsaturated
aliphatic dicarboxylic acids such as oxalic acid, malonic acid, succinic acid, glutaric
acid, adipic acid, heptane diacid (including isomers), octane diacid (including
isomers), nonane diacid (including isomers), decane diacid (including isomers),
maleic acid, fumaric acid, methyimaleic acid, methylfumaric acid, pentene diacid
(including isomers), itaconic acid or allylmalonic acid; saturated or unsaturated
aliphatic tricarboxylic acids such as 1,2,3-propane tricarboxylic acid, 1,2,3-propene
tricarboxylic acid or 2,3-dimethylbutane-1,2,3-tricarboxylic acid; aromatic carboxylic

acids such as benzoic acid, methylbenzoic acid (including isomers), ethylbenzoic acid

(including isomers), propyl benzoic acid (including isomers), dimethylbenzoic acid
75




pentyl octyl phenol (including isoners), pentylnonyl phenol (including

I soners), pentyl decyl phenol (including isoners), pentyl dodecyl phenol
(i ncluding isoners), pentyl phenyl phenol (including isoners),

pent yl phenoxyphenol (including isoners), pentylcunylphenol (including
| somer s)

hexyl hept yl phena I ncl uding | sQ ) oct henol
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hexyl decyl phenol (i ncl uding isoners), hexyldodecyl phenol (incl udi
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(i ncluding isoners), hexyl cunyl phenol (including isoners),

hept yl ocagidplinclading risdmers)g arsmatic st)’iparb‘b&yhemqidmosudrplasnbbnﬁmeﬂitiod'adg,
i somers), heptyl decyl phenol (including isonmers), heptyldodecyl phenol

(i ncl udi frmeélRsETBER) or fitRésihieNadid] ahe Hrbmatit Hydibxid compaands .such as phenol.
hept yl phenoxyphenol (i ncl udi ng |soners) hept yl cunyl phenol (i ncl udi ng

| soners) A H&%nﬂr%%ﬂglhafdéggl F&gﬁgﬂ)uha %S% éefé’t‘&b}é G¢ evhgidenttion of the

(|nclud|ng | SOMer s) oct nol (i ncluding |soners)
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dodecylcunylphenol (|nclud|ng I somers); and tri-substituted phenols such

as tri nelingugdingisemers)c ethyiphenod 6n§hu§)ng ispmessh premdplaengli(ineluding igomers),

i somers), tripropyl phenol (including isoners), tributylphenol (including

i somer s) butylphemof y(iptleding (isoroecs)j npentyiphene) | (inclidingy istrens), (Hexylphenoy

I soners), triheptyl phenol (including isoners), trioctylphenol (including

i somers) (inclUdinngNﬂnEi’@n héptylphenet (indudibgrisomiers); ociphenph@ncudingrisbmers)g
i somers) tri dodecyl phenol (including isonmers), triphenylphenol (including

o <) ronYPhERE AAIE odh o) A (Rlu g OB Wyt
(i ncl udi pgeiL@ME somers), phenylphenol (including isomers), phenoxyphenol (including
isomers) or cumylphenol (including isomers); di-substituted phenols such as
dimethylphenol (including isomers), diethylphenol (including isomers), dipropylphenol
(including isomers), dibutylphenol (including isomers), dipentyphenol (including
isomers), dihexylphencl (including isomers), diheptylphenol (including isomers),
dioctylphenol (including isomers), dinonylphenol (including isomers), didecylphenol
(including isomers), didodecylphenol (including isomers), diphenylphenol (including
isomers), diphenoxyphenol (including isomers), dicumylphenol (including isomers),
methylethylphenol (including isomers), methylpropylphenol (including isomers),
methylbutylphenol (including isomers), methylpentylphenol (inciuding isomers),
methylhexylphenol (including isomers), methylheptylphenol (including isomers}),
methyloctylphenol (including isomers), methylnonylphenol (including isomers),

methyldecylpheno! (including isomers), methyldodecylphenol (including isomers),

methylphenylphenol (inciuding isomers), methylphenoxyphenol (inciuding isomers),
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di met hyl but yl phenol (i ncluding isoners), dinethylpentyl phenol (including

I soners), dinmethyl hexyl phenol (including isoners), dinethyl heptyl phenol
(including isoners), dimethyloctyl phenol (including isoners),

di met hyl nonyl phenol (i ncluding isoners), dinethyldecyl phenol (including

i soners), dinethyldodecyl phenol (including isoners), dinethylphenyl phenol
(i ncl unaﬂ‘grlqmyiﬂgeryqi dinaludipg pisarostsin eelbiylpropyphenely (inclddiagd s jsomers),

di met hyl cunyl phenol (i ncluding isoners), diethylnmethyl phenol (including

i sonerethylbdiyphengr ofiiydlpdiago! isomers)idi ethylpetdpbenoldi nbluding y ligoreears),

(including isoners), diethylpentylphenol (including isoners),

di et hyathgmekpiphenbl ( (ineludiigng isoffiels) o metisiheptyiphbnbh e gingludirgnolisgmers) udi ng
i somers), diethyloctyl phenol (including isoners), diethylnonylphenol

somers), di vl phenol g ! s), di vl
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(i ncl ueropyipentdpiengl (ncuding | 1eEBHhdEPYIREXHPLENPl GI&CE%PQ) somers),
di propyl phenoxyphenol (including isoners), dipropylcunylphenol (including
i sormerpiopytheptdphenainyinchetiog  igamets)di pppylostgiplenoldi (nalydiag hysgmersd!

(i ncluding isoners), dibutyl propyi phenol (including isoners),

di but ypropyingngipheabl ( (includiigngisorersy, s )proplyldetyiphenoll pireheding (iisarnecsi)ng
| soners), dibutyl heptyl phenol (including isoners), dibutyl octyl phenol
(1 ncl ugk

Idodieapiphenoldiipgiudiny NybPBAO propAphefyipichsiofintkiding isomers),
di but ;l}lghc?leﬁgyl phgﬁgl n(()i I’(IC| udimr% [ soma‘égr)s)er B?Eutagogecyﬁgheng‘lg (i ncl ugli ng

o epydhiexafeR] pisotg (o) SR phond e el

di- pent ¥l TRAMIBRGTH'  GAAGANE' "RohRREE" ShutyMeRGPhehst NYIRRRAY  isomers),
butylheptylphenol (including isomers), butyloctylphenol (including isomers),
butylnonylphenol (including isomers), butyldecylphenol (including isomers),
butyldodecylphenol (including isomers), butylphenylphenol (including isomers),
butylphenoxyphenol (including isomers), butylcumylphenol (including isomers),
pentylhexylphenol (including isomers), pentylheptylphenol (including isomers),
pentyloctylphenol (including isomers), pentylnonylphenol (including isomers),
pentyldecylphenot (including isomers), pentyldodecylphenol (including isomers),
pentylphenylphenol (including isomers), pentylphenoxyphenol {including isomers),
pentylcumylphenol (including isomers), hexylheptylphenol (inciuding isomers),
hexyloctylpheno! (including isomers), hexylnonyiphenol (including isomers),
hexyldecylphenol (including isomers), hexyldodecylphenol (including isomers),

hexylphenylphenol (including isomers), hexylphenoxyphenol (including isomers),

hexylcumylphenol (including isomers), heptyloctylphenol (including isomers),
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(i ncluding isoners), dipentyl propyl phenol (including isoners),

di pentyl butyl phenol (including isoners), dipentyl hexyl phenol (including

i somers), dipentyl heptyl phenol (including isoners), dipentyloctyl phenol

(i ncluding isoners), dipentylnonyl phenol (including isoners),

di pentyl decyl phenol (including isoners), dipentyldodecyl phenol (including
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(i ncluding isoners), dipentylcunyl phenol (including isoners),
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di hexyl heptyl phenol (i ncluding 1soners), dihexyloctyl phenol (i ncluding
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di heptyl | phenol i ncl udi [ , di heptyl decyi phenol. (incl udi
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(including isonmers), diheptyl phenoxyphenol @&anl udi ng isoners),

di hept yl mong¢yshyipbendl ririchutiing) isomers)s ) dodecytphenyiphengbhéneuding izomeisg

i somers), dioctylethyl phenol (including isomers), dioctylpropyiphenol

(i ncl udi dedecyiphnoxyphiemstt Vinohidihg heisomets)ncoudidodecycurayiphenol  (including
di octyl pentyl phenol (including isoners), dioctylhexyl phenol (including

| SOMer s)igoRleps)t Ydﬂ%ﬁﬁ-ﬁhﬁ!&lﬂﬂféd ph}eﬁ@lsugtilélﬂ ass fifRéthylph&net tinchamg hsorérs),

(i ncluding isoners), dioctyldecyl phenol (including isoners),
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enoxypheno | SO I octyl cunyl phenol

((j: Eglnwj'eml{@ﬁgﬁiﬁ%}nerginWéH@bH&&WHQIud‘H&%%bF@ | {HiRERYIShenol (including
isomers), triheptylphenol (including isomers), trioctylphenol (including isomers),
trinonylphenol  (including  isomers), tridecylphenol  (including  isomers),
tridodecylphenol  (including isomers), triphenylphenol (including isomers),
triphenoxyphenol  (including isomers), tricumylphenol (including isomers),
dimethylethylphenol (including isomers), dimethylpropylphenol (including isomers),
dimethylbutylphenol (including isomers), dimethylpentyiphenol (including isomers),
dimethylhexylphenol (including isomers), dimethylheptylphencl (including isomers),
dimethyloctylphenol (inciuding isomers), dimethylnonylphenot (including isomers),
dimethyldecylphenol (including isomers), dimethyldodecylphenol (including isomers),
dimethylphenylphenol (including isomers), dimethylphenoxyphenol (including
isomers), dimethylcumylphenol (including isomers), diethylmethylphenol (including
isomers), diethylpropylphenol (including isomers), diethylbutylphenol (including

isomers), diethylpentylphenol (including isomers), diethyihexylphenol (including
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(i ncluding isoners), dinonyl propyl phenol (including isoners),

di nonyl but yl phenol (i ncluding isoners), dinonyl pentyl phenol (i ncluding
i somers), dinonyl hexyl phenol (including isoners), dinonylheptyl phenol

(i ncluding isoners), dinonyloctylphenol (including isoners),
d|nonyldecylphenolmélnclud|n |soners) di noxyl dodecyl phenol glncludlng
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I somers), didecyl propyl phenol (including isoners), didecylbutyl phenol
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(i ncluding isoners), didodecyl phenyl phenol (|nclud|n? | soners)

di dodeispimsETs) oda'pmwldﬂcy{p'hamh dinslyding isamers), d qmér{tﬂcludmg
(i ncluding isoners), diphenyl nethyl phenol (including isomners),

di phenigomidrs), Pheirbpyiphehyiphagoli s dinsliging di jsoemershr oglisrobyipbenoiyptiendd ng
| soners), diphenyl butyl phenol (including isoners), diphenylpentyl phenol

(incl uahagdmgsqga@ﬁéas) eimbswshﬁ@mﬂa%er(mcnﬁdmgl ie8imegs), sdibatyimethylphenol
di phenyl heptyl phenol " (i ncl uding” ‘i soners), diphenyloctyl phenol (including
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(including isomers), dibutylheptylphenol (including isomers), dibutyloctylphenol
(including isomers), dibutylnonyiphenol (including isomers), dibutyldecylphenol
(including isomers), dibutyldodecylphenol (including isomers), dibutylphenylphenol
(including isomers), dibutylphenoxyphenol (including isomers), dibutylcumylphenol
(including isomers), dipentylmethylphenol (including isomers), dipentylethylphenol
(including isomers), dipentylpropylphenol (including isomers), dipentylbutylphenol
(including isomers), dipentylhexylphenol (including isomers), dipentylheptylphenol
(including isomers), dipentyloctyiphenol (including isomers), dipentylnonylphenol
(including isomers), dipentyldecylphenol (including isomers), dipentyldodecylphenol
(including isomers), dipentylphenylphenol (including isomers), dipentylphenoxyphenol
(including isomers), dipentylcumylphenol (including isomers), dihexylmethylphenol
(including isomers), dihexylethylphenol (including isomers), dihexylpropylphenol

(including isomers), dihexylbutylphenol (including isomers), dihexylpentylphenol
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(i ncluding isoners), diphenoxynethyl phenol (including isoners),
di phenoxyet hyl phenol (i ncluding isoners), diphenoxypropyl phenol (including
i somers), di phenoxybutyl phenol (including isoners), diphenoxypentyl phenol
(i ncluding isoners), diphenoxyhexyl phenol (including isoners),

di phenoxyhept yl phenol (including isoners), diphenoxyoctyl phenol (including
i soner s) {i {ndu dingndsgmers)) paibexylheptyinhanchg(incluging: Syomeryh edibeyestyiphened|

(i ncluding isoners), diphenoxydodecyl phenol (including isoners),
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(i ncluding isoners), nethylethyldodecyl phenol (including isoners),

met hy| et tipélipdingy Isohesrs), diheptyidécyiphesomtineludingrisamers).hdineptyidodasyinhsnol

(i ncluding isoners), nethylethyl cunyl phenol (including isoners),

net hyl pr (ipgludingyisomers), diheptylpkemdphermoigins)udingisomers ) aitigptyiphe pbeypiienol

(i ncluding isoners), mnethylpropyl hexyl phenol (including isoners),
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(including isoners), nethylprop nonyl phenol (1 ncluding isoners),
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(including isomers), dioctylbutyipheno! (including isomers), dioctylpentylphenol
(including isomers), dioctylhexylphenol (including isomers), dioctylheptylphenol
(including isomers), dioctylnonylphenol (including isomers), dioctyldecylphenol
(including isomers), dioctyldodecylphenol (including isomers), dioctylphenylphenol
(including isomers), dioctylphenoxyphenol (including isomers), dioctylcumylphenol
(including isomers), dinonylmethylphenol (including isomers), dinonylethylphenol
(including isomers), dinonylpropylphenol (including isomers), dinonylbutylphenol
(including isomers), dinonylpentylphenol (including isomers), dinonylhexylphenol
(including isomers), dinonylheptylphenol (including isomers), dinonyloctylphenol
(including isomers), dinonyldecylphenol (including isomers), dinonyldodecylphenol
(including isomers), dinonylphenylphenol (including isomers), dinonylphenoxyphenol
(including isomers), dinonylcumylphenol (including isomers), didecylmethylphenot
(including isomers), didecylethylphenol (including isomers), didecylpropylphenoi

(including isomers), didecylbutylphenol {including isomers), didecylpentylphenol
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met hyl propyl phenyl phenol (including isoners), nethyl propyl phenoxyphenol
(i ncluding isoners), nethylpropyl cunyl phenol (including isoners),

met hyl but yl pentyl phenol (i ncluding isoners), nethyl butyl hexyl phenol
(including isoners), methybutyl heptyl phenol (including isoners),

met hyl but yl octyi pheno mgélncludlng i sonmers), methyl butyl nonyl phenol
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(i ncl udhdgdingorieom)ars)cretildplcymwmﬁerrmwpbwg (isnviard), nglidecytnanyiphenol
met hyl but yl cunyl phenol (i ncluding isoners), nethyl pentyl hexyl phenol 82

(i ncl uiheladingoisontars), "ditByyidodedyistendl nlroheding | iseees)n dlidesyiphenylphenol
nethylpentyloctylphenol (i ncluding isoners), methylpentyl nonyl phenol
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et hyl pe _ I ncluding isoners),, nethylpentyl phenyl phenol
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(including isoners), ethylpropyl hexyl phenol (including isoners),

et hy! p(iopitingpispmersh didodaaytrianylphenios Gmelusing isomers), afigodesyjdedyintsnol

(i ncluding isoners), ethyl propyl nonyl phenol (including isoners),

et hyl plinpltitecy| phsmwelers)j ncl udidodecyldodecyipherssihy| p(inpldidecy| isbmers),
(i ncluding isoners), ethyl propyl phenyl phenol (including isoners),
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(i ncluding isoners et hyl but yl phenol (|nclud|ng I sonmers),

?It 23:/:3 o |§E)c¥r% b unbyipRENS (HEIRRT R othersT! diphON M IFhERA tRIcluding
isomers), diphenylethylphenot (including isomers), diphenylpropyiphenol (including
isomers), diphenylbutylphenol (including isomers), diphenyipentyiphenol (including
isomers), diphenylhexylphenal (including isomers), diphenylheptylphenol (including
isomers), diphenyloctylphenol (including isomers), diphenylnonylphenol (including
isomers), diphenyldecylphenoi (including isomers), diphenyldodecylphenol (including
isomers), diphenylphenoxyphenol (including isomers), diphenyicumylphenot
(including isomers), diphenoxymethylphenol (including isomers),
diphenoxyethylphenol (including isomers), diphenoxypropylphenol (including isomers),
diphenoxybutylphenol (including isomers), diphenoxypentylphenol (including isomers),
diphenoxyhexylphenol (including isomers), diphenoxyheptylphenol (including
isomers), diphenoxyoctylphenol (including isomers), diphenoxynonyiphenol (including
isomers), diphenoxydecylphenol (including isomers), diphenoxydodecylphenol
(including isomers), diphenoxyphenylphenol (including isomers),

diphenoxycumylphenol (including isomers), dicumylmethylphenoi (including isomers),
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et hyl but yl hept yl phenol (including isoners), ethylbutyl octyl phenol

(i ncluding isoners), ethylbutyl nonyl phenol (including isoners),

et hyl but yl decyl phenol (i ncluding isoners), ethylbutyl dodecyl phenol

(i ncluding isoners), ethylbutyl phenyl phenol (including isoners),

et hyl but yl phenoxyphenol = (including i soners), ethyl buty[cunyl. phenol

(i ncl uadiggmyissidpbgnole (ingluding ysw)pr@ﬁwmytnr%mmmé} Z@g%él Jsomers),
et hyl pentyl heptyl phenol (including isoners), ethylpentyl octyl phenol

(i ncl uddicgmylmdyiphehol ¢iniddiregntisomens)| mlieumy!p(anmdpﬁmqﬂg(lngkdﬁlm&)lfaomem).
et hyl pentyl decyl phenol (i ncluding isoners), ethyl pentyl dodecyl phenol

(i ncl uddiegmiyltexgiphenol Sihchiding pisomers)) edicupiyiiveptylphentl dinclyiding risorsgrs),
et hyl pent yl phenoxyphenol (including isoners), ethylpentyl cunyl phenol

(incl Udﬂi@Gninﬂﬁénoie el | isefiers)p haramyliornygphehald (incladirgs )isomers),
et hyl hexyl oCtyl phenol (i ncluding isoners), ethylhexylnonyl phenol

(e;[ R;: ﬁgg’gﬁﬁﬁﬁ ec§rlpker?§}(m}ﬁli ncl%(ﬁl-l ng¥| Qﬁe@&ﬁﬂﬁ [ .He%ﬁl gﬁ?ni{/cﬁ% ei?l%Tem)'
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i ncludi ng isoners), ethyl heptyl phen enol . (including is rs

RendRgpiviatoyipentyiRtianchg (nsiiing ) isoreeta) nERigYIEtTAfisHiRhgno!

((ait 2%:/: Bgﬁgﬁissoged?g, et hyFOCt yl nongf henol %i ncl u??ilnhgﬁz.ne@g?re&

et hyl ocfigtludingl pherisdmersicl udi mgthysethgiheptylphenaloct y_%a@iu_étrgg pherigpmers),

(including isomers), ethyloctyl phenyl phenol (including isoners),

et hyl ocmetimyiethyloct/iehetol ((includingngisoswrs),s) methylgthylnopytphenop hdingluding

(i ncluding isoners), ethyl nonyl decyl phenol (including isoners),

et hyl nopphftas) C vhathgrethyldediphishord (ingriinics) isormersly | reetityietreidodecyipienocl

(i ncluding isoners), ethylnonyl phenoxyphenol (including isoners),
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methylethylphenoxyphenol (including isomers), methylethylcumylphenol (including
isomers), methylpropylbutylphenol (including isomers), methylpropylpentylphenol
(including isomers), methylpropylhexylphenol (including isomers),
methypropylheptylphenol (including isomers), methylpropyloctylphenot (including
isomers), methylpropyinonylphenol (including isomers), methylpropyldecyiphenol
(including isomers), methylpropyldodecylphenol (including isomers),
methylpropylphenylphenol (including isomers), methylpropylphenoxyphenol (including
isomers), methylpropylcumylphenol (including isomers), methylbutylpentylphenol
(including isomers), methylbutylhexylphenol (including isomers),
methybutylheptylphenol (including isomers), methylbutyloctylphenol (including
isomers), methylbutylnonylphenol (including isomers), methylbutyldecylphenol
(including isomers), methylbutyldodecyiphenol (including isomers),

methylbutylphenylphenol (including isomers), methylbutylphenoxyphenol (including

isomers), methylbutylcumylphenol (including isomers), methylpentylhexylphenol
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et hyl decyl phenoxyphenol (including isomers), ethyldecyl cunyl phenol
(including isoners), ethyldodecyl phenyl phenol (including isoners),

et hyl dodecyl phenoxyphenol (i ncluding isoners), ethyldodecyl cunyl phenol

(i ncluding isoners), ethyl phenyl phenoxyphenol (including | soners),

et hyl phenyl cunyl phenol (including isoners pr opyl but henol (i ncl udi ng
i soner £l}10?/ uginghy| busOMeEs): y| phasthypentdherfy e"‘P!;orner(!f)")(u‘P omerg)
propyl but yl hexyl phenol (i ncluding isomers), propyl butyl heptyl phenol

(i ncl udnethyipsotwoctylphenob \ifcitging c isomeeshol methmeemvlngnvlagﬁaa ){including
propyl but yl nonyl phenol (i ncluding isoners), propyl butyl decyl phenol

(i ncl uciﬁomersﬁﬂmanwpeabyldebwmdrbut(jndmﬂagyibpmm roethyipetityldodecylphenql
propyl but yl phenyl phenol (i ncluding isomers), propyl butyl phenoxyphenol

(i ncl uginemdiripmer s,gomem)opw bréthy lPh&sybhdndic! uoﬁm@udmgrrer sjsomers),
propyl pentyi phenol (i ncl udi ng i soners propyl penty hexylphenol (1 ncl udi ng

I
br opyl pent#? WW%P"?.“%'C ?%‘5‘9.(%@@%*% %*“%'E@F?‘ e hafing
I d
o AR e fﬁﬁ%ﬁ?ﬁvi“ﬁ%‘rﬂyﬁfé’ﬁrs%‘%W“
propy| g@ﬁﬁ&ﬂ iny| p'ﬁ@ﬂ'tﬁp ), ?Yngmﬁ}ﬁh@ Héﬁgs opy(iq?g'ig{)]ﬁg phent® rr]ers)
Iglrgglyrdl nsyl sonﬁrpzélﬁbgrrig ?/dﬂ ex rlpé?elgtg he)nr%le | ncl M I % | so&h uding
(including isoners), propyl hexyl decyl phenol (|nclud|ng | soners),
pr opy| hieomersddesthyhexgphenyipherpingneluding: ispmesshb pyetiyesirhenoxiehenol

(i ncluding isoners), propyl hexyl phenoxyphenol (including isoners),

propy! Kicdingry | phisomers), ncl udetiylhexyteuraylphenoby| he(piojuding y| ph'mmers),
(i ncluding isoners), propyl heptyl nonyl phenol (including isoners),

propy! kempiopsivltpprendl (inclbing nisoriens s kthyipropylpeaniptehad ecihghding!

(1 ncluding |soners propyl heptyl phenyl phenol (i ncluding isoners),

B OSBRI, TR ATsimers iyl phans
(including isomers), ethylpropyloctylphenol (including isomers),
ethylpropylnonylphenol  (including isomers), ethylpropyldecylphenol (including
isomers), ethylpropyldodecylphenol (including isomers), ethylpropylphenyiphenol
(including isomers), ethylpropylphenoxyphenol (including isomers),
ethylpropylcumylphenol (including isomers), ethylbutylphenol (including isomers),
ethylbutyipentylphenol (including isomers), ethylbutylhexylphenol (including isomers),
ethylbutylheptylphenot (including isomers), ethylbutyloctylphenol (including isomers),
ethylbutylnonylphenol (including isomers), ethylbutyldecylphenol (including isomers),
ethylbutyldodecylphenol (including isomers), ethylbutyiphenylphenol (including
isomers), ethylbutylphenoxyphenol (including isomers), ethylbutylcumylphenol
(including isomers), ethyipentylhexylphenol (including isomers),
ethylpentylheptylphenol (including isomers), ethylpentyloctylphenol (including
isomers), ethylpentylnonylphenol (including isomers), ethylpentyldecylphenol

(including isomers), ethylpentyldodecylphenol (including isomers),
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(i ncluding isoners), propyloctyldecyl phenol (including isoners),
propyl oct yl dodecyl phenol (including isoners), propyloctyl phenyl phenol
(including isomers), propyloctyl phenoxyphenol (including isoners),
propyl octyl cunyl phenol (i ncluding isoners), propyl nonyl decyl phenol
(i ncluding isoners), propyl nonyl dodecyl phenol (including isoners),

pr opy letiylpentyiphenylpbeob ((inciiding nisomershe ethylpentgiphenox obsyguding|

(i ncluding isoners), propyl nonyl cunyl phenol (i ncluding isoners),

pr opy lisksmgisy o d etiyipéastylcuntyiptenali niincladingr s)spmqrshpyéﬂl‘gﬂ}dwﬂmpyylphmmﬂ

(i ncluding isoners), propyldepyl phenoxyphenol (including 85 isoners),

pr opy (gefidingy! mdn@é\gw Géth{hegylediyiitherop (RERMIngPisemersy dtsylhekgngnyiphasd]

(i ncluding isoners), propyl dodecyl phenoxyphenol (including isoners),

pr opyl(&%ﬂﬁﬁlﬁ curryllﬁ}ﬁ ? (i ncéﬂ'ﬂm&! ol met h Ihgﬂgﬂ@ (i n@owgg;g

| somer hyl phenol” (i ncl u propyl phenol (i ncluding
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(i ncluding isoners), ropyl phenyl cunyl phenol (i ncl udin |soners
propquthﬂheuwmmmﬂwg nakdingi nigomessyrer ethyl gnal pe(“ﬁ“}l!ld'ﬂﬁenol

(i ncluding isonmers), propyl-butyl-hexyl-phenol (including isoners),

pr opy lisdmess); hetbyirepbyidodscyipherialidiingludbreseiners)pr ethyihenlylphenyphenghenol
(i ncluding isoners), propyl-butyl-nonyl-phenol (including isoners),

pr opy | (infeiidihg dec Yisomees)ol  ( leﬂhjﬂhépﬂﬂah@@@ﬁh&nolpr opgihelading! - doisemysrsphenol

(i ncl udi ng |soners) propyl - butyl - phenyl enol (including isoners),

pr 0py|eaﬁxlhébtymw@ﬁﬁlf(mclddlﬁ§ idé%élg% 'Ge?]ﬁ*lﬁé@)no@ ot BH@:MHW@UQMM%)GHN

(inclu I"'Soner s propyl - pentyl (T'ncl 0di ng i soners)

B{ggg:mﬂ@ﬂ{:ﬁﬁd%&?ﬁqn%eenoﬁluc{ ﬁg:fé Ih% I:g&ﬁ@r ctyldodecylphenoi (lncluding
isomers), ethyloctylphenylphenol (including isomers), ethyloctylphenoxyphenol
(including isomers), ethyloctylcumylphenol (including isomers), ethylnonyldecyliphenol
{including isomers), ethylnonyldodecylphenol {(including isomers),
ethylnonylphenyiphenol (inciuding isomers), ethylnonylphenoxyphenol (including
isomers), ethylnonylcumylphenol (including isomers), ethyldecyldodecylphenol
(including isomers), ethyldecylphenylphenol (including isomers),
ethyldecylphenoxyphenol (including isomers), ethyldecylcumylphenol (inciuding
isomers), ethyldodecylphenylphenol (including isomers), ethyldodecylphenoxyphenol
{including isomers), ethyldodecylcumylphenol (including isomers),
ethylphenylphenoxyphenol (including isomers), ethylphenylcumylphenol (including
isomers), propylbutylphenol (including isomers), propylbutylpentylphenol (including
isomers), propylbutylhexylphenol (including isomers), propylbutylheptylphenol

(including isomers), propyibutyloctylphenol (including isomers),

propylbutylnonylphenol (including isomers), propylbutyldecylphenol (including
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propyl - pentyl -octyl - phenol (including isonmers), propyl-pentyl-nonyl-phenol
(including isoners), propyl-pentyl-decyl-phenol (including isoners),
propyl - pentyl - dodecyl - phenol (including isoners),

propyl - pentyl - phenyl - phenol (i ncl udi ng isoners)

propyl - pent yl - phenoxyphenol (i ncluding isoner
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(including isomers), propyl-hexyl-octyl-phenol (including isoners),
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(i ncluding isoners), propyl-hexyl-dodecyl -phenol (including isoners),

propy! - hpropylmitgoumyiprenal (inBRiding omiersy, propyipentylphenol (including isomers),
propyl - hexyl - phenoxyphenol (including isonmers), propyl-hexyl-cunyl-phenol

(i ncl udi peppyfsErRyIRexy |Eﬁéwl mn;dm O%b)ﬁereﬁewbpflpeﬁwn@pmpheﬁamrn%)udmg

propyl - heptyl’- nonyl -‘phenol (|nclu I ng isoners), propyl-heptyl -decyl - phenol
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(i ncluding 1isoners), propyl-nonyl-dodecyl -phenol (|nclud|ng |soners)

pr opy| - néingludisigeisomensic peopyhexykphengl i(inshuging jsoprersy prapyiexyheptylphiemehol

(i ncluding isoners), propyl-nonyl-cunyl-phenol (including isomers),

propy! - déingludihgdecy| ispinens), (i npropyinexylecyiphehol pr opfihelddiagl - pheigmemjenol

(i ncluding isoners), propyl-decyl-phenoxyphenol (including isoners),

propyl - dprpytaxydony Wol(l(iﬁ@:l@h@uﬁﬁ@@)@ propyitiasyidbegishdnod heimgludaig nol

(i ncluding isoners), propyl-dodec phenoxyphenol (i ncluding isoners),
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(mcludmg isomers), propylhexylphenoxyphenol (including isomers),
propylhexylcumylphenol (including isomers), propylheptyloctylphenol (including
isomers), propylheptylnonylphenol (including isomers), propylheptyldecylphenol
(including isomers), propylheptyldodecylphenoi (including isomers),
propytheptylphenylphenol (including isomers), propylheptylphenoxyphenol (including
isomers), propylheptylcumylphenol (including isomers), propyloctylnonylphenol
(including isomers), propyloctyldecylphenol (including isomers),
propyloctyldodecylphenol (including isomers), propyloctylphenylphenol (including
isomers), propyloctylphenoxyphenol (including isomers), propyloctylcumylphenol
(including isomers), propylnonyldecylphenol (including isomers),
propylnonyldodecylphenol (including isomers), propylnonylphenylpheno! (including
isomers), propyinonylphenoxyphenol (including isomers), propylnonylcumylphenol

(including isomers), propyldecyldodecyiphenol (including isomers),

propyldecylphenylphenol (including isomers), propyldecylphenoxyphenol (including
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propyl - phenyl - cunyl - phenol (including isoners), butyl pentyl hexyl phenol
(including isoners), butylpentyl heptyl phenol (including isoners),

but yl pentyl octyl phenol (including isoners), butyl pentyl nonyl phenol

(i ncluding isoners), butylpentyl decyl phenol (including isoners),
butylpentyldodecylphenol (|nclud| | somer s) butylpentylphenylph%nol
(i ncl udsREere nRiepyldesuicymyinhenad W}'Bﬂeh"@me@-nﬁfw dgecy enol
butyl pentyl cunyl phenol (i ncluding isoners), butylhexylheptylphenol

(i ncl udiinjudingrrer sggmexs)y | hepppyidodepylphenoxyphenatii nglincludings) , isomers),
but yl hexyl nonyl phenol (i ncluding isoners), butyl hexyl decyl phenol (i ncluding

i soner spropykiodeoyizuhyipHethol oiindiyding oisotmers), urtietlyylphemslr ¢hcluding isomers),
but yl hexyl phenyl phenol (including isonmers), butylhexyl phenoxyphenol

(incl Udéthglp'h%ﬁﬁﬁf aciu@ih?ynmwsqunwﬂop?m@hos 1) hdiﬁgngsamé@r sButyzphenol
butyl hept yl'octyl phenol (i ncl udi ng i somners utyl heptylnonylpheno

but yl heG g aReers) bty BRENE] (ARG ol e Hibiehol (AR fsomere),
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(including isoners) butylnonyldodecylphenol (including isoners),

but yI no@wnplpbnpolplﬁmmdlqg risomers)g prepyiphenyiphanoxypbenolp fiealidineh dsaners),

(including isoners), butyl nonyl cunyl phenol (including isoners),

but y| deprppyiphienylcpmyiptiend i(including dsormers); piopylpherioxycyinyiphenbh iaciiing

(including isoners), butyldecyl phenoxyphenol (including isoners),

but yl deisgimeesly | priopylbutyi-pehtyiiphanocli sinarKkiMg @mthhrsjoct&ogaylpﬂnﬂvnhe)(yl-@hbndl ng

i somers), butyl dodecyl phenyl'phenol (including isoners
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g 1 soners), butyiphenyl phendl udi ng i soners)
propyl-butyl-octyl-phenol (including |somers), propyl-butyl-nonyl- phenoi (including
isomers}, propyl-butyl-decyl-phenol (including isomers), propyi-butyl-dodecyl-phenol
(including isomers), propyl-butyl-phenyl-phenol (including isomers),
propyl-butyl-phenoxyphenol {including isomers), propyi-butyi-cumyl-phenol (including
isomers), propyl-pentyl-phenol (including isomers), propyl-pentyl-hexyl-phenol
(including isomers), propyl-pentyl-heptyl-phenol (including isomers),
propyl-pentyl-octyl-phenol (including isomers), propyl-pentyl-nonyl-phenol (including
isomers), propyl-pentyl-decyl-phenol (including isomers),
propyl-pentyl-dodecyl-phenol  (including isomers), propyl-pentyl-phenyl-phenol
(including isomers), propyl-pentyl-phenoxyphenol (including isomers),
propyl-pentyl-cumyl-phenol (including isomers), propyl-hexyi-heptyl-phenol (including
isomers), propyl-hexyl-octyl-phenol (inciuding isomers), propyl-hexyl-nonyl-phenol
(including isomers), propyl-hexyl-decyl-phenol (including isomers},

propyl-hexyl-dodecyl-phenol  (including isomers), propyl-hexyl-phenyi-phenol
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but yl phenyl phenoxyphenol (i ncluding isoners), butyl phenyl cunyl phenol
(including isoners), pentyl hexyl heptyl phenol (including isoners),

pent yl hexyl octyl phenol (including isoners), pentyl hexyl nonyl phenol
(including isoners), pentyl hexyl decyl phenol (including isoners),
pent yl hexyl dodecyl phenol (including isonmers), pentyl hexyl phenyl phenol

(i ncl udingudisgner dSomeesit yI hpsepybhexd-phenexyphenolinci inchigding onefspmers),
pent yl hexyl cunyl phenol (including isomers), pentylheptyloctyl phenol

(i ncl uddrapykhexpbcainyl-pbengl (inpiudingo isdnpdrshoprapyhbeptyi-agtyl-pbenelr Enciuding
pentyl heptyl decyl phenol (including isoners), pentyl heptyl dodecyl phenol 88

(1 ncl udsovmers)p Peopyl-heptylinonykphehgih@nciudingnisbrrers); | prdpyicheptplrdecy)-phenol
pent yl hept yl phenoxyphenol (i ncluding isoners), pentyl heptyl cunyl phenol

(i ncl udiittudihg O elisomeR§Nt Y| Hepyllnastyl-dbsd-phensl udi (iMEIudiRGE! Ssomers),
pentyl octyl deCyl phenol " (including iSoners), pentyloctyl dodecyl phenol
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(including isoners), pentyldecyl dodecyl phenol (including isoners),
pent yl C(H'willqm@nyl peemers), (i neropl-ogtyl-pbepoxyphanaht yi dineluding: nox jgomeeis),

(including isoners), pentyldecyl cunyl phenol (including isoners),
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(i ncluding isoners), pentyldodecyl cunyl phenol (including isoners),
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hexyl hegtbplinsy1-pReRglpkdrti! Udidduding  isomers),  propyl-nonyl-phenoxyphenol
{including isomers), propyl-nonyl-cumyl-phenol (including isomers),
propyl-decyl-dodecyl-phenol  (including isomers), propyl-decyl-phenyl-phenol
(including isomers), propyl-decyl-phenoxyphenol (including isomers),
propyl-decyl-cumyi-phenol  (including isomers), propyl-dodecyl-phenyl-phenol
(including isomers), propyl-dodecyi-phenoxyphenol (including isomers), cumyl-phenol
{(including isomers) propyi-phenyl-phenoxyphenol (including isomers),
propyl-phenyl-cumyl-phenot (including isomers), butylpentylhexyiphenol (including
isomers), butylpentylheptylphenol (including isomers), butyipentyloctylphenol
(including isomers), butylpentylinonylphenot (including isomers),
butylpentyldecylphenol (including isomers), butylpentyldodecylphenol (including
isomers), butylpentylphenylphenol (including isomers), butylpentyiphenoxyphenol
(including isomers), butylpentylcumylphenol (including isomers),
butythexylheptylphenol {including isomers), butylhexyloctylpheno! (including isomers),

butythexylnonyiphenol (including isomers), butylhexyidecylphenol (including isomers),
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I somers), hexyl heptyl decyl phenol (including isoners),

hexyl hept yl dodecyl phenol (i ncludi ng isoners), hexyl heptyl phenyl phenol
(i ncluding isoners), hexyl heptyl phenoxyphenol (including isoners),
hexyl heptyl cunyl phenol (including isomers), hexyloctylnonylphenol

(i ncluding isoners), hexyloctyl decyl phenol (including isoner

hexyl dwtyl%emwewleh@nol( i (ingluding g iserpaes)s ) butythexyirhepy|phenpl pﬂ@ﬁ'b‘ﬂmg
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(i ncl ugomers)s orbatgpctylphenylphenpl pl(ianblﬂmemﬂmer@ ncbulyloclylpkenmyphenol
hept yl nonyl cunyl phenol (including isoners), heptyldecyl dodecyl phenol

(i ncl u@hchading dsmmeds), ingtylochdammyiphenyl (ifcludihg (someérs), gtyinosyldecylphenol
hept yl decyl phenoxyphenol (including isoners), heptyldecyl cunyl phenol

f} lenC| dladlh?OWEr@omét% pt vyl dedegxomiesyédyipttdndl i ncl (AeINGings ONelisdmers),

ptyl dodecy phenoxyphenol (i ncluding isoners), heptyldodecylcunylphenol

(1 ncl usitpmoh§RMBhSIbheRBPt (hdHIGRY | RTHENSY P SiRtgInohyRREHEKYEhdri MaRELding
isomers), butylnonylcumylphenol (including isomers), butyldecyldodecylphenol
(including isomers), butyldecylphenylphenol {(including isomers),
butyldecylphenoxyphenol (including isomers), butyldecylcumylphenol (including
isomers), butyldodecylphenol (including isomers), butyldodecylphenylphenoi
(including isomers), butyldodecylphenoxyphenol (including isomers),
butyldodecylcumylphenol (including isomers), butyiphenylphenol (including isomers),
butylphenylphenoxypheno! (including isomers), butylphenylcumylphenol (including
isomers), pentylhexylheptylphenol (including isomers), pentylhexyloctylphenol
(including isomers), pentylhexylnonylphenot (including isomers),
pentylhexyldecylphenol (including isomers), pentylhexyldodecylphenol (including
isomers), pentylhexylphenylphenol (including isomers), pentylhexylphenoxyphenol
(including isomers), pentylhexylcumylphenol (including isomers),
pentylheptyloctylphenol (including isomers), pentylheptyinonylphenol (including

isomers), pentytheptyldecylphenol (including isomers), pentylheptyldodecylphenol
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hept yl phenyl cunyl phenol (i ncluding isoners), octyl nonyl decyl phenol
(including isoners), octylnonyl dodecyl phenol (including isoners),

oct yl nonyl phenyl phenol (i ncluding isoners), octyl nonyl phenoxyphenol

(i ncluding isoners), octylnonyl cunyl phenol (including isoners),

octyl decyl dodecyl phenol (i ncludin | somers), octyl decyl phenyl phenol

(i ncl udingludingrer §50mMees)y | dedqarﬂwgﬁaw;mﬂmnheml ncl dingiading orer ispmers),
octyl decyl cunyl phenol (including isoners), octyldodecyl phenyl phenol

(i ncl ugientylheptyiphenoxypheriol dirsbydipg deomepd)e peintyheptylotimdphenal niinclyding
oct yl dodecyl cunyl phenol (including isonmers), octyl dodecyl phenyl phenol 90

(i ncl ugdorgersy,oMpentyloctyinongipheast phinvluding enisontersy; | upentyloctyldecylphenol
oct yl dodecyl cunyl phenol (i ncluding isoners), octyl phenyl phenoxyphenol

(i ncl ugingfliding OMeriSomepdt Y1 Phsehtyeefiiddtiyihenonc! udimgdudifg@ner Sisomers),

nonyl decyl dodecyl phenol * (i ncl udi ng i soners), nonyl decyl phenyl phenol

(i nclugj | Y h e | ' | r i

nony! dBeFACEOPRRRYpheRSr X itining "RBAIEL By ltpHENSRHERSP  Holuging

(i ncluding_ isoners nyl I h héncl g@¥ '

honyl ARSI pPE MR O AT oa0ho RHELGIRG < YEsmetor - e Beisteng

(i ncludjng isonmers), nonyl phenyl cunyl.ghenol | ncl udj.ng i.soners),

decyl dgm&dﬂm&nyl d%@’ﬁ@fs)(i nclﬂ?éﬁtﬁﬂglxgaﬂg?%‘)l?hérﬁgcyl d@%@ﬂ?‘ﬂﬂheno@%ﬁbl

(i ncluding isoners), denyldodecyl cunyl phenol (i ncluding isonera&ﬁ .

dodecyl pomiphexRendl (inGludingdisemersh npertyinonylphenpxyphenal UirgiidiRgnol

(including isoners) or phenyi phenoxycunyl phenol (including isonmers). Anmong

t hese asamers)c pandylognylcumylnhene] @Gncludipgursbroers)hepentyldecyldedecyphenol

aromati ¢ hydroxy conpound used in the reaction between the aromatic

pol ycarimehalimg and isbmens), ne cpeptyldedyiphenygiphendhar y (indludingr oupsoneershor e

preferable in consideration of the case of the cleaning solvent renaining

after penbadédgphidroxypRERB! (FRRRIMYSkbimers)! eg@itgkiecki@lmylphenol (including
isomers), pentyldecyldodecylphenol (including isomers), pentyldecylphenylphenol
(including isomers), pentyldecylphenoxyphenol (inciuding isomers),
pentyldecylcumylphenol (including isomers), pentyldodecylphenylphenol (including
isomers), pentyldodecylphenoxyphenol (including isomers),
pentyldodecylcumylphenot  (including  isomers),  pentylphenylphenoxyphenol
(including isomers), pentylphenylcumylphenol (including isomers),
hexylheptyloctylphenol (including isomers), hexylheptylnonylphenol (including
isomers), hexylheptyldecylphenol (including isomers), hexylheptyldodecylphenol
(including isomers), hexylheptylphenylphenol (including isomers),
hexylheptylphenoxyphenol (including isomers), hexylheptylcumylphenol (including
isomers), hexyloctylnonylphenol (including isomers), hexyloctyldecylphenol (including
isomers), hexyloctyldodecylphenol (including isomers), hexyloctylphenylphenol
(including isomers), hexyloctylphenoxyphenol (including isomers),

hexyloctylcumyiphenol (including isomers), hexylnonyldecylphenol (including

isomers), hexylnonyldodecyiphenol (including isomers), hexylnonylphenyiphenol
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Vari ous net hods can be used to clean the thermal deconposition reactor
using the cleaning solvents |isted above, exanples of which may include a
nmet hod whereby the thernmal deconposition reactor is cleaned by introducing
cl eaning solvent fromthe top of the thermal deconposition reactor, and a
met hod whereby the inside of the thermal deconposition reactor is cleaned
by i nt r obineludipgc! eaisamersyl venhekyinonylpbenpamhencht t Hindudingal  isomers),
deconposition reactor and heating up the cleaning solvent inside the

t her mal Hexyldpoddoderylpheral oincludirgy!] isemeTsler dexyldeayiphenylphenair (including
limtations on the frequency at which cleaning is carried out, and the

cl eani ngisohtstel N exgRizciphenbiyptiendl y (iReluding nisdnaers)r tiexgldeeykcumyiphenol

conpounds used, operating rate and the |like. The thermal deconposition

react or Eﬁ@mafﬁgso b%&ﬁé}%'z,ded Hék}]dédé&%ér@ilpﬂéﬁdlw“c(iirf&dihgam NgoffergeNt

in the thermal ™ deconposition reactor. (013 I'n addition, When carryi'ng
out ther |t oly-Toll S td el

cl eani ngﬂggylggfri]?%éiq)@@hgéoﬁ@ﬂ&?ﬂaﬁ Bﬁggg'eﬁ%&%%{@mggﬁﬁltq ons o
the therpal decopposition reaction for.the.pur.pose Qf eani r mal
deconpos FOmSISHcBeaphe paEypBPooE kiR fERersd, e BheBc L ntalel o
in the prior, art (see, for exanple, US Patent . 4081472). For exanpl.e,
accor di nQ"FlHd"'lgni s( pﬁpmﬁrs)docung\%ﬂwﬂwmﬂgmhgﬁg?nert?@épéé'ﬂt ref'§?§‘%- a
conpound that does not react with isocyanate forned by thermal .
deconpos heplyilpdtyldeeylphend a(mcdud;egeﬁ?omﬁrs)cohepa{mcﬁvldgg@aémermd (ingluding
exanpl e, the Journal of the Anerican Chem cal Society, Vol. 64, p. 2229,

1942 t haisomersharteptyottylphemythenohe (incladingo nisomeds), atheptilocylphenoxyphenol
conpound and phenyl isocyanate, aromatic hydroxy conpounds are able to

react wihtludirgcyanaisemerdiie ar aeptylectyiigdmyiphenoipoun(inoclaginge supipbmess); o

the thermal deconposition reactor after m xing when transferring the

react i onhapAndryIddtyidHe@l biincluding isomers), heptylnonyldodecylphenol (including
isomers), heptylnonyiphenylhenol (including isomers), heptylnonylphenoxyphenol
(including isomers), heptylnonylcumyiphenol (including isomers),
heptyldecyldodecylphenol (including isomers), heptyldecylphenylphenol (including
isomers), heptyldecylphenoxyphenol (inciuding isomers), heptyldecylcumylphenol
(including isomers), heptyldodecylphenylhenoi (including isomers),
heptyldodecylphenoxyphenol (including isomers), heptyldodecylcumylphenol
(including isomers), heptylphenylphenoxyphenol (including isomers),
heptylphenylcumylphenol (including isomers), octylnonyldecylphenol (including
isomers), octylnonyldodecylphenol (including isomers), octylnonylphenylphenol
(including isomers), octylnonylphenoxyphenol (including isomers),
octylnonyicumylphenol (inciuding isomers), octyldecyldodecylphenol (including
isomers), octyldecylphenylphenol (including isomers), octyldecylphenoxyphenol
{(including - isomers), octyldecylcumylphenol (including isomers),
octyldodecylphenyiphenol (including isomers), octyldodecylphenoxyphenol (including

isomers), octyldodecylcumylphenol (including isomers), octyldedecylphenylphenol
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a reaction between diaryl carbonate and an am ne conpound to the thernal
deconposition reactor, or may be supplied by providing a line for supplying
the aromatic hydroxy conpound separate fromthe line for supplying the
reaction mxture. [0136] The carbam c acid ester obtained in the process
of the present enbodi ment is referable as a raw material for producing

i socyandReuginghout iSORIERY), ext gdeqyiphenoxyphendle, AiNFudiBgyands@meMai ned
with the process of the present enbodi ment can be preferably used as a raw

mat er i abctyldodetycpmythhenob (incfuding isomersin odtylphenyiphenaxyphenoh dincliidings and

the like. In addition, the divalent aromati c hydroxy conpound obtained in
t he proigeaters), oetylphendeuimyphedoingirichuding bésamerfsyr albnyldesydtcdecyiphanol

material for the production of aromatic pol ycarbonates. The process of the

present inQU#RG MeNtiscthéms)demnidriidesyipiyishieel of Ghattmgl T eqyéhenRy, of

aromati ¢ pol ycarbonates. On the 'basi's of ‘the above, the present invention
:‘ §| : 2&”’5@%‘%@%@6&@@? }e{%‘ﬂ g%%ﬁghéﬁ I on ';‘_ Eﬁ?g; %@@ﬁ%@%? Fig%ﬂ@gn ed on
those BRUMPES. " [ o1asProBReReybRBaPPRERRL oo ) RheRAn i o Aplefue.
{30, ANEAIGOIEE BRI PRGRRN (Mstisid BAler), oy RS sufBAdhensi (fBfiaing
ALl e risoRiass), nesjpRe T RIRYBhemoly (66 IAg: FGMers).  nonyiphenylcumyiphenol
(including isomers), decyldoceylphenylphenol (including isomers),
decyldodecylphenoxyphenol {(including isomers), decyldodecylcumylphenol (including
isomers), dodecylphenylphenoxyphenol (including isomers),
dodecylphenylcumylphenol (including isomers) or phenyiphenoxycumylphenol
(including isomers). Among these aromatic hydroxy compounds, a compound of the
same type as the aromatic hydroxy compound used in the reaction between the
aromatic polycarbonate and the amine compound having primary amino groups is
more preferable in consideration of the case of the cleaning solvent remaining after
cleaning the thermal decomposition reactor.
[0133]

Various methods can be used to clean the thermal decomposition reactor using
the cleaning solvents listed above, examples of which may include a method whereby
the thermal decomposition reactor is cleaned by introducing cleaning solvent from the
top of the thermal decomposition reactor, and a method whereby the inside of the
thermal decomposition reactor is cleaned by introducing cleaning solvent into the
bottom of the thermal decomposition reactor and heating up the cleaning sclvent

inside the thermal decomposition reactor.

[0134]
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standard in the formof tetramethyl tin (guaranteed reagent, Wako Pure
Chem cal Industries, Ltd., Japan) and mxing to uniformty to obtain
solutions used as NVR analysis sanples. (2) Quantitative Anal ysis Anal yses
were perforned on each standard and quantitative anal yses were perforned
on the analysis sanple solutions based on the resulting calibration curve.
[0139] 93 2)Theguare e pariauiRsliptations i theulsed i@wglﬁbt@ﬁm& ingagigd
Corp., Japan Colum: Silica-60 colum, Tosoh Corp., Japan, two col ums
connect ealt rands ¢he ccleaning| Gequencyoicannbe atbitearily | detecmisiedh agoording to the
tetrahydrofuran (80 / 20) (v / v) Solvent flowrate: 2 nL / mn Col um

t enper ateonepoliids uSed coperatingR rate @ndf theclii@retre thehnal idpcorhpdsitiomtesptaphy
Anal ysi s Sanples About 0.1 g of sanple were wei ghed followed by the

addi ti ormay #189Use brévided Wwith rahiner Rrihgodiengysleaning, soikEat Minke Ghemar!
I ndustries, Ltd., Japan) and about 0.02 g of internal standard in the form

of bisp mpAosﬁWFéﬁH(ﬁEd reagent, Wako Pure Chem cal Industries, Ltd.,
Japan) and mxing to unifornmty to obtain solutions used as liquid

chr orragggqggw anal ysis sanples. (2) Quantitative Analysis Anal yses were
perfor each standard and quantitative anal yses were perforned on the

anal ysi's, sampl SREINRDS BARG RR 11 FRolpRieRR dr AR £46 e, 3140
above-mentioned cleaning solvent can also be made to be present under the
conditions of the thermal decomposition reaction for the purpose of cleaning the
thermal decomposition reactor. This differs from the inert solvent as referred to in
the prior art (see, for example, US Patent No. 4081472). For example, according to
this patent document, although an inert solvent refers to a compound that does not
react with isocyanate formed by thermal decomposition of carbamic acid ester, in
contrast, as described in, for example, the Journal of the American Chemical Society,
Vol. 64, p. 2229, 1942 that urethane is formed by the reaction of an aromatic hydroxy
compound and phenyl isocyanate, aromatic hydroxy compounds are abie to react
with isocyanates. The aromatic hydroxy compound may be supplied to the thermal
decomposition reactor after mixing when transferring the reaction mixture obtained by
a reaction between diaryl carbonate and an amine compound to the thermal
decomposition reactor, or may be supplied by providing a line for supplying the
aromatic hydroxy compound separate from the line for supplying the reaction mixture.
[0136]

The carbamic acid ester obtained in the process of the present embodiment is
preferable as a raw material for producing isocyanate without using extremely toxic
phosgene, and isocyanate obtained with the process of the present embodiment can

be preferably used as a raw material for the production of polyurethane foam, paints,
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Appar atus: GC-2010, Shimadzu Corp., Japan Colum: DB-1 col umm, Agil ent
Technol ogies Corp., USA length: 30 m inner dianeter: 0.250 mm film

t hi ckness: 1.00 m Colum tenperature: Held at 50C for 5 mnutes followed by
increasing at the rate of 10C/ mn to 200C, held at 200C for 5 m nutes
followed by increasing at the rate of 10C/ mn to 300C Detector: FID 94
(1) Gas }ggﬁ'ﬁeﬁg@ enfike.ysiln addifions %(ﬂﬂabnbf?fgmﬁ“csBM@IOEY\AE‘P'@P%PQhed
foll owed by the addition of about 1 g of toluene (dehydrated, Wako Pure
Cheni cal obtained in the proogss of dbapresant embodinent zag bey preferably used asraizaw i n
the form of di phenyl ether (Tokyo Chem cal Industry Co., Ltd. Japan) and
m xi ng t enateridlofonithe produdiionl of sromiticopslycerbdnatesgad I'remm:’ess)@lf dindh present
anal ysis sanples. (2) Quantitative Analysis Anal yses were perfornmed on each

st andar d episbdiant | 4186 u@n@hetm&,%s tnér Bspdét’ 0P BRsmiRal W&'X@I&EY@H arémalic e
sol utions based on the resulting cal |brat|on curve. [0141] anple 1 Step

(1-1): ng’ﬁ%%un §’f MhXind Balls 6f W& (?Hbv@o'tuéfpr%@ﬁf fhvaind ﬁri?,”?ﬁhhﬁtn ally

Hydr oxy m xture was prepared usihg an appar at us |ke t hat

in FIG nol) of nolten 4-t-octyl phenol (Tokyo Chem cal
Industrya&{g%‘%{@pé apan) were transferred froma storage tank 101 to a

reactor 102 heated to 200C after replacing the inside thereof with
nitrogen with a line 12 closed. 14.3 kg of bisphenol A polycarbonate
(Aldrich rp. SA, wei ght average nol ecul ar wei ght: 65,000) were | oaded
into the PBE 02 froma storage tank 100 and stirred. After

{0137]

Although the following provides a detailed explanation of the present invention
based on examples thereof, the scope of the present invention is not limited by these
examples.

[0138]

<Analytical Methods>
1)  NMR Analysis

Apparatus: JNM-A400 FT-NMR system, JEOL Ltd., Japan
(1) Preparation of 'H and *C-NMR Analysis Samples

About 0.3 g of sample solution were weighed followed by the addition of about
0.7 g of heavy chloroform (89.8%, Aldrich Corp., USA) and about 0.05 g of internal
standard in the form of tetramethyl tin (guaranteed reagent, Wako Pure Chemical
Industries, Ltd., Japan)} and mixing to uniformity to obtain solutions used as NMR
analysis samples.

(2) AQuantitative Analysis

Analyses were performed on each standard and gquantitative analyses were

performed on the analysis sample solutions based on the resulting calibration curve.

[0139]
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confirmng that the bisphenol A polycarbonate had dissolved, line 12 was
opened and the mxture was transferred to a storage tank 103. Step (1-2):
Production of Carbam cAcid Ester A reaction was carried out using an
apparatus |like that shown in FIG 2. In a state where a |ine 23 was cl osed,
the m xture produced in step (1-1) was supplied at a rate of 4.15 kg / hr
vi a a 3)i nd-iguidfClromatogeaphyt ank 103 to a baffled SUS reactor 202

mai nt ai ned at about 150C after replacing the inside thereof with nitrogen.
95 HexanetAyparatusdiLO+1 0AT Epstm, Shidmdzu, Cdipa)Japas supplied at a rate of
about 0.24 kg / hr via a line 22 froma storage tank 201 to the reactor

202. Aft ercondin/zSgaldle collfah! Tosoh i Qoipd, Udpans twor colatmsr epiwected in

confirm ng that hexamet hyl ene diam ne was no |onger detected, the |line 23
was OpRR and the reaction liquid was transferred to a storage tank 203
via line 23. Step (1-3): Production of I|Isocyanate by Thernmal Deconposition

a 11033, St oduct : . posi tio
Chat - showDPYEIEbto St WEEH AT of oxife [\ eilot BT @OROMRENE 05 1
Eco- Sol ut i Ltd. ,, J havi heat - ducti f f
0.1 2. uasoMuRLIOw B33 Il an i ni ornal pr ossur e vas sel. 1o about 19

kPa. The mi.xture recovered in storage tank 203 in step (1-2) was heated to
150C and skplyrmnrteraperatiee; 33°Gf the thin film distillation apparatus 301
at a rate of about 1120 g / hr via a line 31. A liquid phase conponent was
extract ed Peteeter: R.lnfrefractometerhe bottom of the thin filmdistillation
apparatus 301 and circulated to the top of the thin filmdistillation

appar dtiys BiquidvChramatograpr3cAnalysia Saroglephase conponent was extracted from
aline 33 fromthe thin film distillation apparatus 301 and supplied to a

cont i nuousAbplt 0.3t ?gﬁ stingple! were weigheldufoliowddby e additienusf aiade! goofponent
extracted via the [ine 33 fromthe thin film
tetrahydrofuran (dehydrated, Wako Pure Chemical Industries, Ltd., Japan) and about
0.02 g of internal standard in the form of bisphenol A (guaranteed reagent, Wako
Pure Chemical Industries, Lid., Japan) and mixing to uniformity to obtain solutions
used as liquid chromatography analysis samples.
(2) Quantitative Analysis
Analyses were performed on each standard and quantitative analyses were
performed on the analysis sample solutions based on the resulting calibration curve.
[0140]
3) Gas Chromatography
Apparatus: GC-2010, Shimadzu Corp., Japan
Column: DB-1 column, Agilent Technologies Corp., USA, length: 30 m, inner
diameter: 0.250 mm, film thickness: 1.00 pm
Column temperature: Held at 50°C for 5 minutes followed by increasing at the
rate of 10°C / min to 200°C; held at 200°C for 5 minutes followed by increasing at the
rate of 10°C / min to 300°C

Detector: FiD



distillation apparatus 301 was continuously fed to an internedi ate stage of
the continuous nmultistage distillation colum 302 having an inner dianeter
of about 5 cm and columm length of 2 mand packed with D xon packi ng
(diameter: 6 mm) to carry out distillative separation of the gaseous phase
conmponent. The amount of heat required for distillative separation was
suppl i dd) byGesBurmategraphy AnalysisiSemple®: bottom of the col um through a
line 39 and a reboiler 305. The liquid tenperature in the bottom of the
cont i nuous Abbul 8.08q% ofiisamilé atere weighediolfredvby the additiordof aboutot g of
pressure at the top of the colum was about 15 kPa. A liquid phase
conponepiuenes(detytiraed cWakoPureh€hemival IndwdtrigieltdQriapand andrabdut 0.0 ¢
distillation colum 302 provided at a |location |lower than a line 32 and

suppl i esf ihferAalCRBRYAYVIOMSthBL b dfalisherfll Sther @bkpd CHmiea! Blldstr} Ty, Lid.,

continuous muitistage distillation col'unn 312 was a continuous nultistage

distill gt : | na: i PRTe ] : u ﬁlgii'n é,ﬁﬁé'

| engt h %ﬂ@?n@@a%@% %ﬂﬁsﬁgwgg&%@”%@?gﬁe elr%:gBGé?T%#Tgn V\a/at‘sagt ed to
carry o .stillative separation of the |liquid phase conponent extracted
fromth%%alg%ﬁgPWg mul ti stage distillation colum 302 with this

distillation coLum. .The _anount of heat required for distillative

separ at¥dn QH?"L@HWM@?W circulating liquid in the bottomof the colum
through a line 41 and a reboiler 310. The liquid tenperature in the bottom
of the nul tABalges were padormen an eagh; gfandand, and Jquaniiiative; apalyses wenge
pressure at the top of the colum was about 15 kPa. Gas distilled fromthe
top of peréorows omthaianalysisisample selutions|basedroncihieuresulting oalibrationdwived in a
condenser 308 via a line 34, continuously extracted froma line 35 at the
rate of[04¥dut 89 g/ hr and recovered in a storage tank 309. Liquid
extracted fromline 35 was a solution containing about 99.8% by wei ght of
hexanetE:,yémg@ fdi i socyanate, and the vyield based on hexanethyl ene di am ne
was about 85% Step (1-4) Recovery of Aromatic Hydroxy Conpound An

appar at us wasgtdpqd-1)! Pregdiatiors BPNMiktUrt & Atontatic Polycarbonate and Aromatic
Hydroxy Compound

A mixture was prepared using an apparatus like that shown in FIG. 1.

20.6 kg (100 mol) of molten 4-t-octylphenol (Tokyo Chemical industry Co., Ltd.,
Japan) were transferred from a storage tank 101 to a reactor 102 heated to 200°C
after replacing the inside thereof with nitrogen with a line 12 closed. 14.3 kg of
bisphenol A polycarbonate (Aldrich Corp., USA, weight average molecular weight:
65,000) were loaded into the reactor 102 from a storage tank 100 and stirred. After
confirming that the bisphenol A polycarbonate had dissolved, line 12 was opened and
the mixture was transferred to a storage tank 103.

Step (1-2): Production of Carbamic Acid Ester

A reaction was carried out using an apparatus like that shown in FIG. 2.

In a state where a line 23 was closed, the mixture produced in step (1-1) was
supplied at a rate of 4.15 kg / hr via a line 21 from storage tank 103 to a baffled SUS

reactor 202 maintained at about 150°C after replacing the inside thereof with nitrogen.
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The |iquid phase conponent recovered in storage tank 307 in step (1-3) was
continuously fed to the internedi ate stage of a continuous nultistage
distillation colum 313 having an inner dianmeter of about 5 cmand a
colum length of 2 mand packed with D xon packing (dianeter: 6 mm to
carry ﬁu%x ﬁg})‘ar ative distillation of the |iquid phase conponent. The
anount rsxamethylepg diamine GMdrigh Corp.aiSA wap supplieshata satesafighaut §.24 kg
circulating a portion of the liquid in the bottomof the colum through a
line 4% hinda @ lirg@2 fromBastomkige tanku2@ tertberraactoe 2002. t tAftdri andlykzing thée
bottom of 97 continuous nultistage distillation colum 313 was 260C and

t he pr esaation liquid by gap chedmatdgraphyamdadenfirming tidihexXamettivitine! digshihe om

the top of continuous nultistage distillation colum 313 was condensed in

a condeaseho3ldhger adetebicte the ARE 23 0Rhé Nepeifdd M 1Re t RAction Oﬁcﬁ.(i&tv%ége

tank 316 via a line 46. Aliquid phase conponent was extracted froma |line

48 of trAfsferrld @L@g@m#ﬁ{%@%ﬁg%@téil ation colum 313 provided at a

| ocation | ower than a supplied to a continuous nultistage

distillation . ; E OLU S nent suppli.ed to.the .

cont i nuous I’Yﬁﬁﬂl g@bfﬁpgﬁﬂcﬁ Qt F%é’ﬁga@%%ﬁﬁﬁgﬁﬂeﬁe'Qe%@BBFWB"ﬁ%ﬂ amic
separaggd gg distillation in that distillation colum. The liquid

t enper [ﬁ‘r t&f the bottom of the continuous nultistage distillation colum
318 was 24QC and the pressure at, the top of the colum was _about 0.5 kPa.
Gas di sti I} EECHOR Wasikarties oyt using an appargtus like that shews B Fifas3.condensed i n
a condenser 319 via a line 49 and continuously extracted at a rate of
about 180 ¢\ thimfimistillatiot aprayetusad®1 FKobeica Eco-Solutiehs Coquitd., slepaagt ed
fromline 46 was a solution containing about 99% by wei ght of

4- t - ochavipgeadheaticondddting surfaceqaich ekt0.Acnédwhs dvedted 4o5220%5 and i g d

contai ning about 99% by wei ght of bisphenol A [0142] Exanple 2
internal pressure was set to about 13 kPa. The mixture recovered in storage tank
203 in step (1-2) was heated to 150°C and supplied to the top of the thin film
distillation apparatus 301 at a rate of about 1120 g / hr via a line 31. A liquid phase
component was extracted from a line 32 from the bottom of the thin film distillation
apparatus 301 and circulated to the top of the thin film distillation apparatus 301 via a
line 36. A gaseous phase component was extracted from a line 33 from the thin film
distillation apparatus 301 and supplied to a continuous multistage distillation column
302.

The gaseous phase component extracted via the line 33 from the thin film
distillation apparatus 301 was continuously fed to an intermediate stage of the
continuous multistage distillation column 302 having an inner diameter of about 5 cm
and column length of 2 m and packed with Dixon packing (diameter: 6 mm) to carry
out distillative separation of the gaseous phase component. The amount of heat
required for distillative separation was supplied by circulating the liquid in the bottom

of the column through a line 39 and a reboiler 305. The liquid temperature in the

bottom of the continuous multistage distillation column 302 was 150°C, and the
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Step (2-1): Preparation of Mxture of Aromatic Pol ycarbonate and Aromatic
Hydr oxy Conpound A m xture was prepared by carrying out the sanme nethod as
step (1-1) of Exanple 1 with the exception of using 14.1 kg of

2,4-di -t-anyl phenol (Tokyo Cherri cal Industry Co., Ltd., Japan) instead of

4-t-octyl phenol, and using 8.64 kg of bisphenol A pol ycar bonate. Step
(2-2): P%H[ﬂ:@t@\@@@éh%&mtﬁnmm akauirs Idga.Tha "Qw‘i’ephﬁﬁ%%“%ﬂ%lﬂféﬁaﬁl 2)

of Exanple | was carried out with the exception of supplying the mxture
pr epar extractedt from( 2he ) lireet 33. @8 the Ctohtinuoust emdtisthge hdistiflidatiorucelymndd@d2d in
step (1-1) and supplying hexanmet hyl ene diamne at 0.46 kg / hr to the

react oprodided &b adocation lovadr thaal & fineB2 aadsnipplied tofa cbatimuaus multistage | on
by gas chromatography, hexanet hyl ene di am ne was not detected. Step (2-3):

Produchisifatitin CoRGYR e mheTBsﬁfmoLEeﬁﬁﬂmgél dzgnmt.oﬁaéaamrp 31&cwds Ester
The sane nethod as step (1-3) of Exanple 1 was carried out with

Eﬁi?ﬁﬁ oot RRlfeiaR 9 'Eﬁ'f{f'fﬁzf'?fgh i 5 inflorcigheter o1 ?‘?@ﬁ%@ﬁ’i T“d
1

o ﬁéﬁﬁgyg%ﬁﬂfh{éa&&iﬁﬁﬁwﬁ @Hhﬂjé%iw% b ﬁqﬁﬁﬁcgﬁﬁ%?i%%@# o' ©
of abogeme disRlaticesraalon fgheniadd Bise, SHPIDSTt SeCkgtom the ° ©
extracted froma line 35 was a sol ution_ containing 99 8% by WEI ght _of

hexaneSPRtiniausmMullistoge distillation calunyn 3QR puith thisn distilatien realemB. di B ne

was about 85% Step (2-4): Recovery of Aromatic Hydroxy Conpound An
appar aamountof heatrdquiredifandistitative $eparatinn sias supplied by circulating liquid in

the bottom of the column through a line 41 and a reboiler 310. The liquid
temperature in the bottom of the multistage continuous distillation column 312 was
170°C, and the pressure at the top of the column was about 15 kPa. Gas distilled
from the top of the continuous multistage distillation column 312 was condensed in a
condenser 308 via a line 34, continuously extracted from a line 35 at the rate of about
89 g/hr and recovered in a storage tank 309. Liquid extracted from line 35 was a
solution containing about 99.8% by weight of hexamethylene diisocyanate, and the
yield based on hexamethylene diamine was about 85%.
Step (1-4) Recovery of Aromatic Hydroxy Compound

An apparatus was used like that shown in FIG. 3.

The liquid phase component recovered in storage tank 307 in step (1-3) was
continuously fed to the intermediate stage of a continuous multistage distillation
column 313 having an inner diameter of about 5 cm and a column length of 2 m and
packed with Dixon packing (diameter: 6 mm) to carry out separative distillation of the
liquid phase component. The amount of heat required for distillative separation was
supplied by circulating a portion of the liquid in the bottom of the column through a

line 45 and a reboiler 315. The liquid temperature of the liquid in the bottom of
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The sane nethod as step (1-4) of Exanple 1 was carried out with the
exception of using the |liquid phase conponent recovered in step (2-3)
instead of the |iquid phase conponent recovered in storage tank 307 in
step (1-3), a solution containing about 99% by wei ght of

2,4-di -t-anyl phenol was recovered froma line 46 at a rate of about 640 g
/ hr, seatiniousgiullistage distillatipraeelumrods mas260i@ aod the pressise atAhedep
recovered fromline 50 at the rate of about 370 g/ hr. (0143] 99 Exanple 3
St ep (8f thlunm eyesr abouin1.Sf kRaxt Gas distilledofram thePtdp/ of chotimeusamultistaget i ¢
Hydr oxy Compound A m xture was prepared by carrying out the sanme nmethod as

step (distilatidn dohanml 813 was hedridermede it ipcoptiensem 3163 via kg linké 44 and
4- nonyl phenol (Al drich Corp., USA) instead of 4-t-octyl phenol, and using

8.64 KgoRfiniushexPhctéd RRbYFStbReaRk F63a 631 46 Pr oduct i on of Car bari c
Acid Ester The sarre met hod as step (1-2) of Exanple | was carried out with

the excep f anglo t p ) te of
10.9 kg / %‘r(ﬁa'l'l@s ea o(%Ht e %éeé%fao cgﬂ&ﬁﬁas’[hesh&“ﬁ‘%n‘éﬁ‘g'ﬂg%{'?. ng
hexamne L |- am t r a 2 a
Fesal t MiisHige %?tﬂ"aﬂﬁne&é@ut 3i8 o a8 et el gl e 33°and®
chromat ogr .a hexame e di am was not detected. Step (3-3):
Pr oduc?Pgw %%%899% F?&erﬂfﬁﬂ%é'é’l?rﬁ%@?m%ﬁ of Carbamic Acid Ester
The sane net hod as step(l 3) of was carried out with the
exception dheskfd phase: semppaent eumaleav@r the cantinugus multistage; distiflatien ¢ ne
m xture recovered in step (1-2) to the thin filmdistillation apparatus
301 at colgo®m 318 da the linet 48ox#ag sephrpted thy, distillations im thal distillation| ¢adumine om
the top of the continuous nultistage

The liquid temperature at the bottom of the continuous multistage distillation column

318 was 240°C and the pressure at the top of the column was about 0.5 kPa. Gas

distilied from the top of the distillation column 318 was condensed in a condenser

319 via a line 49 and continuously extracted at a rate of about 180 g / hr into a

storage tank 309 via a line 50.

Liquid extracted from line 46 was a solution containing about 99% by weight of

4-t-octylphenol. In addition, liquid extracted from line 50 was a liquid containing

about 99% by weight of bisphenol A.

[0142]

Example 2

Step (2-1): Preparation of Mixture of Aromatic Polycarbonate and Aromatic
Hydroxy Compound
A mixture was prepared by carrying out the same method as step (1-1) of
Example 1 with the exception of using 14.1 kg of 24-di-t-amylphenol (Tokyo
Chemical Industry Co., Lid., Japan) instead of 4-t-octylphenol, and using 8.64 kg of
bisphenol A polycarbonate.

Step (2-2): Production of Carbamic Acid Ester
98



distillation colum 312 in condenser 308 via a |ine 34, continuously
extracting froma Iline 35 at a rate of about 73 g / hr and recovering in
storage tank 309. The liquid extracted fromthe Iine 35 was a sol ution
contai ning 99.8% by wei ght of hexamethyl ene diisocyanate, and the yield
based on hexamet hyl ene di am ne was about 84% Step (3-4): Recovery of
Aromatic Hydribgy saBepsethodhasssiep (tRhodf Exasiple {) was eamiesiaaut with dhe
carried out with the 100 exception of using the lIiquid phase conmponent

r ecover eéxteptioneqf SUpphjing the sidurs prapared imsiep @Rbsat 08 kgrchttinsteadwétieel i n
storage tank 307 in step (1-3), a solution containing about 99% by wei ght
of 4- nonyixtoen prodvcedrincstep (¢d ) fand supplying thexdtanidthylena tdiamineado 046839/ br /
hr, and a liquid containing about 99% by wei ght of bisphenol A was
recover efh fieof@actor®@0?0 at a rate of about 382 g / hr. [0144] Exanple 4
Step (4-1): Preparation of Mxture of Aromatic Pol ycarbonate and Aromatic

d Co Artd d : ' h h
Srep (1 1) oF Baret 6, dEG DG s OER] Rildng Jne " foadish B/ "gés o
4- dod I i ch .| nst f_ 4-1-octyl ph |, d [
oceorBRgabl A helalSpans ABDInAIBST jod, ooLY! BTl opd usi o
Aci d Est T t hod 1-2 f e 1 ' t wth
oL e e TSR 5 Wi, B R Dol L e
hr instead of the mxture produced in step (1-1) and suppl yi ng

hexamet h{\CiEHES8T ani ne at 0.62 kg / hr to the reactor 202. As a result of

anal yzing the solution following the reaction by gas chromatography,
hexarmet hyl end hei samee metbodoas defepc(td) of Example 1 was carried out with the

exception of supplying the mixture recovered in step (2-2) instead of the mixture
recovered in step (1-2) to the thin film distillation apparatus 301 at 150°C and at a
rate of about 1165 g / hr, condensing gas distilled from the top of the continuous
multistage distillation column 312 in condenser 308 via line 34, continucusly
extracting from line 35 at a rate of about 69 g / hr and recovering in storage tank 309.
The liquid extracted from a line 35 was a solution containing 99.8% by weight of
hexamethylene diisocyanate, and the yield based on hexamethylene diamine was
about 85%.
Step (2-4): Recovery of Aromatic Hydroxy Compound

An apparatus was used like that shown in FIG. 3.

The same method as step (1-4) of Example 1 was carried out with the
exception of using the liquid phase component recovered in step (2-3) instead of the
liquid phase component recovered in storage tank 307 in step {1-3), a solution
containing about 99% by weight of 2 4-di-t-amylphenol was recovered from a line 46
at a rate of about 640 g / hr, and a liquid containing about 99% by weight of bisphenol
Awas recovered from line 50 at the rate of about 370 g/hr.

[0143]
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Step (4-3): Production of |Isocyanate by Thermal Deconposition of Carbamc
Acid Ester The sane nethod as step (1-3) of Exanple 1 was carried out with
the exception of supplying the m xture recovered in step (4-2) instead of
the m xture recovered in step (1-2) to the thin filmdistillation
apparatus 301 at 150C and at a rate of 2.0 kg I hr, condensing gas

di stil E¥@MRled t he top of the continuous multistage distillation colum
312 in condenser 308 via a |line 34, continuously extracting froma 101
line 35 at aStep é3df: Rbeparaién @f Mixturenof Anoatic iPolydanbenatezard Waomatio.
The liquid extracted fromthe line 35 was a sol ution containi ng about

99. 8% IHydnoxygCompoundlexanet hyl ene di | socyanate, and the yield based on
hexanet hyl ene di am ne was about 85% Step (4-4): Recovery of Aromatic

Hydr oxy Compenintlird"\Ra§ PrBpaRidI 8¢ Samihg Ut 1the) saheEdiRo® ak ¥@p PRAYigPd out

with the exception of using the |iduid phase conponent recovered in step

“d?’gs*?&ﬁ@? ,*:’%*té%e%%%*‘%oﬁ?ﬁ?ﬁaa ﬁ%f%ﬁ@ﬁ%@@fﬂéﬁﬁéh!“’%?‘%iﬁf- bea] 307/

4- - ' 1250

v S MR RIS B o 2 e °
' 5 . 445 . [0145] Ex 5

rsfggv?g?l) ; r%i%%é‘éﬂﬁ’dﬂ%%%%ﬁ&%&%ﬂm 5 fer Pgl yc;r bE)nat e] and ifgmit ic

Hydr oxy Compound A m xture was prepared by carrying out the sanme nmethod as

step (1-1) r%e %ﬂﬂ@thpdv@ﬁhsme(gﬂae@& i%anmleu%iwgsmryeagoat with the

4- cunyl phenol (Al drich Corp., USA) instead of 4-t-octyl phenol, and using
7.7 kg extepiomoésuppling e migitneprepaedpin( step) (3-#r atiactate of ot0. 8 airc
perd E?r:s?eraad of the mixture produced in step (1-1) and supplying hexamethylene diamine
at a rate of 0.58 kg / hr to the reactor 202.
As a result of analyzing the solution following the reaction by gas
chromatography, hexamethylene diamine was not detected.
Step (3-3): Production of Isocyanate by Thermal Decomposition of Carbamic
Acid Ester
The same method as step (1-3) of Example 1 was carried out with the
exception of supplying the mixture recovered in step (3-2) instead of the mixture
recovered in step {1-2) to the thin film distillation apparatus 301 at 150°C and at a
rate of 1.2 kg / hr, condensing gas distilled from the top of the continuous multistage
distillation column 312 in condenser 308 via a line 34, continuously extracting from a
line 35 at a rate of about 73 g / hr and recovering in storage tank 309. The liquid
extracted from the line 35 was a solution containing 99.8% by weight of
hexamethylene diisocyanate, and the yield based on hexamethylene diamine was
about 84%.
Step (3-4): Recovery of Aromatic Hydroxy Compound

The same method as step (1-4) of Example 1 was carried out with the
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The sane nethod as step (1-2) of Exanple 1 was carried out with the
exception of supplying the m xture prepared in step (5-1) at 9.50 kg / hr
instead of the mxture produced in step (1-1) and supplyi ng hexamet hyl ene
diamine at 0.50 kg I hr to the reactor 202. As a result of analyzing the

solution fol|ow ng the reaction by gas chromatography, hexanethyl ene

di am nee¥gaptiepofising theyliquid ahase. compenent Jecpvrredsin é%ﬁﬁiﬂ@tg%d PE&J?%l
Deconposition of Carbamic 102 Acid Ester The sane nethod as step (1-3) of
Exanpl eliquidaghase companent viecoverad inestarpge dankf 360 pnl stepg(t-Bk & salutien
recovered in step (5-2) instead of the m xture recovered in step (1-2) to

t he t hi coritaininglabbut 89% by waigiat oft 4-s1089Iphehollwa€ recovereddromdine 46 afthe kg /
hr, condensing gas distilled fromthe top of the continuous nultistage

di sti |l Rité @f abolut8B0GL 2 hi,arkPadiglRPEomEihig abdul 09% B¢ weigtit ofbispiénol A
extracting froma line 35 at a rate of about 125 g / hr and recovering in

storagewtagrgg%g@ed'ﬁb?n ii'Q'ﬁbqat f‘i&%ghﬁgﬁmt’w line 35 was a sol ution

cont ai ni ng about 99. 8% by wel g yl ene diisocyanate, and the
yield W%]on hexanet hyl ene di am ne was about 83% Step (5-4): Recovery
of Aromatic’Hydroxy Compound The sane nethod as step (1-4) of Exanple | was
carri ed_out le h the exception of using the |iquid phase conponent
recovergﬁa'in & ep (5-3) instead of the |[|iquid phase conponent recovered in

storage tank 307 in ste 1-3), 50l utiQn  cont ajini ng . about 99% by wei ght
of 4= sunyl pheiop (L ElepRtian of Mo AroRiatis PRYEAGnalR A ATIGALE |
hr, and a |liquid containing about 99% by wei ght of bisphenol A was
recover Bydfyompeusd at a rate of about 660 g / hr. [0146] Exanple 6

A mixture was prepared by carrying out the same method as step (1-1) of
Example 1 with the exception of using 24.3 kg of 4-dodecylphenol (Aldrich Corp.,
USA) instead of 4-t-octylphenol, and using 10.7 kg of bisphenol A polycarbonate.

Step (4-2): Production of Carbamic Acid Ester

The same method as step (1-2) of Example 1 was carried out with the
exception of supplying the mixture prepared in step (4-1) at 17.5 kg AI hr instead of the
mixture produced in step {1-1) and supplying hexamethylene diamine at 0.62 kg / hr
to the reactor 202.

As a result of analyzing the solution following the reaction by gas
chromatography, hexamethylene diamine was not detected.

Step (4-3): Production of Isocyanate by Thermal Decomposition of Carbamic
Acid Ester

The same method as siep (1-3) of Example 1 was carried out with the
exception of supplying the mixture recovered in step (4-2) instead of the mixture
recovered in step (1-2) to the thin film distillation apparatus 301 at 150°C and at a
rate of 2.0 kg / hr, condensing gas distilled from the top of the continuous multistage

distillation column 312 in condenser 308 via a line 34, continuously extracting from a
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Step (6-1): Preparation of Mxture of Aromatic Pol ycarbonate and Aromatic
Hydr oxy Conpound A m xture was prepared by carrying out the sanme nethod as
step (1-1) of Exanple 1 with the exception of using 18.2 kg of

2, 4-di cunyl phenol (Al drich Corp., USA) instead of 4-t-octyl phenol, and

using 6.34 of bi sphenol A polycarbonate. Step (6-2): Productjon,of,

Car bam'?'@e&é( %tés ? r@%‘&@@ &ét P ?%Qvéﬂneﬂﬂﬁéﬁgeé@aﬁ;ﬁ@-l tﬁ%"‘&‘éﬂﬂried
out with the 103 exception of supplying the mxture prepared in step (6-1)
at 12. ®xkgcied,fronhdhealine35 was ai gelutien peandaining iabout 89.8%- by weight of
suppl yi ng hexanet hyl ene diamne at 0.51 kg I hr to the reactor 202. As a
resul t hexanredhylenegliisbeyamdte; iaod thel vield bgsed en baxainethylene aliamine was

chr omat ogr aphy, hexanet hyl ene di am ne was not detected. Step (6-3):

Pr oductabont 86%4.socyanat e by Thermal Deconposition of Carbamc Acid Ester
The sane nethod as step (1-3) of Exanple 1 was carried out with the

exception of giep M- "ReddRrfof ArrRati€ FYURHEICOHMpaLURR (6-2) instead of the
et

m xture recovered in step othe thin filmdistillation apparatus

301 at 150@rlﬁé;%a?ﬁ Amelitd® st’egtl égg)/ 8?5@{??@?“?%%3 gaie ilgahi'wmﬁi theom

the top of t continuous mul ti _ i on col um I n condenser
about PIeBiG oF Using YEUBURY Phiss EoReehEreceRraihin S8R ArpheRaoirig: e
hexareyic: RBads | SUBpaRSHte FEcaNrach dn B0 JIBkI 301 e EIRRL (g ere SEIAMne
o o osatag B Lo e e e T e
using the liquid phase conponent recovered in step (6-3) instead of the
the rate of about 1250 g / hr, and a liquid containing about 99% by weight of
bisphenol A was recovered from a line 50 at a rate of about 445 g / hr.
[0145]
Example 5
Step (5-1): Preparation of Mixture of Aromatic Polycarbonate and Aromatic
Hydroxy Compound
A mixture was prepared by carrying out the same method as step (1-1) of
Example 1 with the exception of using 11.3 kg of 4-cumylphenol (Aldrich Corp., USA)
instead of 4-t-octylphenol, and using 7.7 kg of bisphenol A polycarbonate.
Step (5-2): Production of Carbamic Acid Ester
The same method as step (1-2) of Example 1 was carried out with the
exception of supplying the mixture prepared in step (5-1) at 9.50 kg / hr instead of the
mixture produced in step (1-1) and supplying hexamethylene diamine at 0.50 kg / hr
to the reactor 202.
As a result of analyzing the solution following the reaction by gas

chromatography, hexamethylene diamine was not detected.

Step (5-3): Production of Isocyanate by Thermal Decomposition of Carbamic
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| i qui d phase conponent recovered in storage tank 307 in step (1-3), a
solution containing about 99% by wei ght of 2, 4-di cunyl phenol was recovered
froma line 46 at a rate of about 1410 g / hr, and a |iquid containing
about 99% by wei ght of bisphenol A was recovered fromline 50 at the rate
of about 510 _g/hr. [01471 Exanple 7 Step (7-1): Preparation of M xture of
Aronatlcﬁﬁﬁiﬁ§§¥bonate and Aromatic 104 Hydroxy Conpound A m xture was
prepared by carrying out the sane nethod as step (1-1) of Exanple 1 with

t he excepti ofhsf sagengnethod g step2 (1-3)i ot Examplechowas Acamiedhoabmpth theisa)
I nstead of 4-t-octyl phenol, using 6.91 kg of bisphenol A polycarbonate, and

m Xi ng 0ekGeptiproiof tsLlpptyiingnthetmixmreommpevédim ctépl (5-2) iftstead, ofUtH® mirtupet he
2,4-di-t-anyl phenol. Step (7-2): Production of Carbam c Acid Ester The sane

met hod asecdveed In dlep{12a6Tthe thinviig eRtillatish %ilaamtha Joeat $56CPandatoh
suppl ying the mxture prepared in step ( 7 1 at 11.9 kg / hr instead of the

m Xture paRdyoed H o Bl %ng%n&kg% kiR frbf the yg"éf'mé%‘?mﬂ éﬁé Hfulfdtale 46

kg / hr to the actor 2 a resu ng the solution

ot det e Sistféuds 38&’!‘?'*“ 3 @@8"%@#%?%@%3%@“%?? s TRk R
‘(C’Lr rchregaﬁ”% %éf c$g n tg@a@@& 7254 rsﬂbﬁr?f?w?"ﬁﬁé" ?ﬁt@@aﬁetaﬁég‘ﬁ?ﬁr ailf%“ﬁ‘ﬂtg?ep
7 i nstead of _the m xtur recovered_in ste to the thin i |

G st 1| 2PREACIRHRPEL 082 J0E 36 WEBCH cFRIRN £OniAIDBG,AbaLo gbiEe) by, weight of

condensing gas distilled fromthe top of the continuous nultistage
hexamethylene diisocyanate, and the yvield based on hexamethylene diamine was

about 83%.
Step (5-4): Recovery of Aromatic Hydroxy Compound
The same method as step (14) of Example 1 was carried out with the
exception of using the liquid phase component recovered in step (5-3) instead of the
liguid phase component recovered in storage tank 307 in step (1-3), a solution
containing about 99% by weight of 4-cumylphenol was recovered from line 46 at a
rate of about 1110 g / hr, and a liquid containing about 98% by weight of bisphencl A
was recovered from line 50 at a rate of about 660 g / hr.
[0146]
Example 6
Step (6-1): Preparation of Mixiure of Aromatic Polycarbonate and Aromatic
Hydroxy Compound
A mixture was prepared by carrying out the same method as step (1-1) of
Example 1 with the exception of using 18.2 kg of 2,4-dicumylphenol (Aldrich Corp.,
USA) instead of 4-t-octylphenol, and using 6.34 kg of bisphenol A polycarbonate.
Step (8-2): Production of Carbamic Acid Ester

The same method as step (1-2) of Example 1 was carried out with the
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distillation colum 312 in condenser 308 via a |ine 34, continuously
extracting froma Iline 35 at a rate of about 86 g / hr and recovering in
storage tank 309. The liquid extracted fromthe Iine 35 was a sol ution
cont ai ni ng about 99.8% by wei ght of hexanethyl ene diisocyanate, and the

yi el d based,.on hexanet hy| ene, di am ne was, abo 0%,,.St e 7-4): Recovery
2 A orGeRIRY & SHOPUINLbGTEIWE RiaRarascinsieb 18- 5 L 12.% K8y hbinsisam ol Ber e
carried out with the 105 exception of using the |iquid phase conponent

r ecoverfBixtyrg prodyced i ptamet-dhandsupplying hgxamethvigne diamipaant0.6tkevdired in
storage tank 307 in step (1-3), a solution containing about 99% by wei ght
of 2, 4-toithe reagtbpBBRAol was recovered froma line 46 at a rate of about
1203 g / hr, and a liquid containing about 99% by wei ght of bisphenol A

was recoverAd far omsalt! iofie an@lyainga thet esaditicrbofdlioddty othe hreactiéd 48y dasanpl e
8 Step (8-1): Preparation of Mxture of Aromatic Pol ycarbonate and Aromatic

HydrOX%Pﬁ@ﬁ%&bﬁlﬁpﬁyﬁﬁéﬁdﬂﬁ&h?ﬁﬁe%ﬁﬂﬂfeﬂﬂa?ho@aéfééié;tﬂ out the same nethod as
step (1-1) of " Exanple 1 with the exception of using 15.6 kg of bisphenol A

bi sphenol A ParhAE BRLFRIRA B poipric AYONRI) RRORINIR o Caltaile. 1

sane meA@gc%sq% step (1-2) of Exanple 1 was carried out with the exception
of suppl'yrn he m xture prepared in step (8-1) at 11.3 kg / hr instead of

0,44 kg ninb:pAcmetied ¥ sigb UeTaor kbl Taasy SR RtoMth 1o
ot Goteeption of Supplying the mixturs 16covered n step (6.2) instead. of the Mmixture
recovered in step (1-2) to the thin film distillation apparatus 301 at 150°C and at a
rate of 2.1 kg / hr, condensing gas distilled from the top of the continuous multistage
distillation column 312 in condenser 308 via a line 34, continuously extracting from a
line 35 at a rate of about 100 g / hr and recovering in storage tank 309. The liquid
extracted from the line 35 was a solution containing about 99.8% by weight of
hexamethylene diisocyanate, and the yield based on hexamethylene diamine was
about 82%.
Step (6-4): Recovery of Aromatic Hydroxy Compound
The same method as step (1-4) of Example 1 was carried out with the
exception of using the liquid phase component recovered in step (6-3) instead of the
liguid phase component recovered in storage tank 307 in step (1-3), a solution
containing about 99% by weight of 2,4-dicumylphencl was recovered from a line 46 at
a rate of about 1410 g / hr, and a liquid containing about 99% by weight of bisphenol
A was recovered from line 50 at the rate of about 510 g/hr.
[0147]

Example 7

Step (7-1): Preparation of Mixture of Aromatic Polycarbonate and Aromatic
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Step (8-3): Production of |Isocyanate by Thermal Deconposition of Carbamc
Acid Ester The sane nethod as step (1-3) of Exanple 1 was carried out with
the exception of supplying the m xture recovered in step (8-2) instead of
the m xture recovered in step (1-2) to the thin filmdistillation
apparatuys 301 at 180C and at a rate of 2.12 kg / hr, condensing gas

di st i | IRYAPXHAAMROUNML of the continuous nultistage distillation colum
312 in condenser 308 via a |line 34, continuously extracting froma 106
line 35 at A midweowasbpiepassd py camryingdoute they samey methed asgtep 4hil)3000.
The liquid extracted fromthe line 35 was a sol ution containi ng about

99. 8% (iyxampight with thisesmeption lofnising i1 8&: kg od 2xd-dixtramiyipheriod [(Aldrigh aClorpn,
hexanet hyl ene di am ne was about 77% Step (8-4): Recovery of Aromatic

Hy dr oxyUSAyIestesd ofed- 38 pRsrn dusings6 O kg -of) bishhérai R polyicatBenatal bngd out

with the exception of using the |iquid phase conponent recovered In step

(8-3) imnnd i | e HiGmP -iSGPTB I r Hn 307
in step (1@?‘? qgng@g osfolt%b}tq“(g)kr? t-tggﬁt'al ni ﬁgﬁggo&f&gg&) %fxbr&’é. gjhst)A)(e)lgﬁg ?B'fbienol
A was rLgoNer. aline 50 at a rate of about 1633 g / hr. [0149]

Exanpl efg?ig aWéﬁ :I' Preparation of Mxture of Aromatic Pol ycarbonate and

method as of SR 177 BRUENEN LarbatrAcHERR ept i on of using 25.3 kg of
ot 4 ! 2 e oo el e
The Sarg(ch{iQS (cjaf gﬁpSlgli%% t%é-nal)xtuc:’]; pErégggdeinlstgp,a %7-9!?;{ i1 '(Ia % I?gu} h:'Mi.nts?eaEdhgf the
mixture produced in step (1-1) and supplying hexamethylene diamine at 0.46 kg / hr
to the reactor 202.
As a result of analyzing the solution following the reaction by gas
chromatography, hexamethylene diamine was not detected.
Step (7-3): Production of Isocyanate by Thermal Decomposition of Carbamic
Acid Ester
The same method as step (1-3) of Example 1 was carried out with the
exception of supplying the mixture recovered in step (7-2) instead of the mixture
recovered in step (1-2) to the thin film distillation apparatus 301 at 150°C and at a
rate of 1.98 kg / hr, condensing gas distilled from the top of the continuous multistage
distillation column 312 in condenser 308 via a line 34, continuously extracting from a
line 35 at a rate of about 86 g / hr and recovering in storage tank 309. The liquid
extracted from the line 35 was a solution containing about 99.8% by weight of
hexamethylene diisocyanate, and the yield based on hexamethylene diamine was
about 80%.
Step (7-4): Recovery of Aromatic Hydroxy Compound

The same method as step (1-4) of Example 1 was carried out with the
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exception of supplying the m xture prepared in step (9-1) at 8.92 kg / hr
I nstead of the mxture produced in step (1-1) and supplying

3-am nonet hyl - 3,5, 5-trinethyl cyclohexylamne at 0.51 kg / hr to the
reactor 202. As a result of analyzing the solution follow ng the reaction

by gas r t Qgraph -am nonet hyl -3, 5, 5-trinethyl cyclohexyl am ne was
not det%@@ﬁgﬁ 033@5?9( éi%'qu&o&aaet Qstent seeguarad én slepredhinstead of the
Decorrpgsit' on of Carbamic Acid Ester 107 The sane nethod as step (1-3) of
Exanpl "G RNa88 FOBROPARNt Fipgavered inestorgge danko 305U ipistepg1t3ie arisolution
recovered in step (9-2) instead of the mxture recovered in step (1-2) to
t he t higentainingaalzeut 99%ibyrweight of 24-dBBamMyIphEtRCwaBretbvered' b Plin@ 480 kg

/ hr, condensing gas distilled fromthe top of the continuous nultistage

di sti | 1ait& oate af labold 12203 g privie andr a Ifid i cdntaihingeaBdut 9% |
extracting froma line 35 at a rate o?ﬁlabout 119@9 [ hr aﬁ%%@% yr‘i%fg I n

st or agdisphenobAdvad fecdviertl flomPX lihd S0t o 8 of gﬁgbf 450 95 ppas a sol ution

cont ai ni ng about 99. 8% by wei ght of isophoron 'l socYanate, and the yield
based ggi4gjam nonethyl-3,5,5-trinmethyl cycl ohexyl am ne was about 80% Step
(9-4): Recovery of Aromatic Hydroxy Conpound The sane nethod as step (1-4)

of Examilndieds carried out with the exception of using the |iquid phase

conmponent recovered in step (9-3) instead of the 1liquid phase conponent

recovered in I . kank 307 i I (1-3), and a solution containing
about 99% by 33@06??60 r?ﬁ%rﬁﬁ%(ﬂ? @"@ﬁ? ‘Pfeg%ﬂfﬁﬁ%l Ralysarbonatacamb Adematicat e
of abowoo [ hr. [0150] Exanple 10 Step (10-1): Preparation of M xture
of Aro f P nate and Aromatic Hydroxy Conpound

A mixture was prepared by carrying out the same method as step (1-1) of
Example 1 with the exception of using 15.6 kg of bisphenol A (Aldrich Corp., USA)
instead of 4-t-octylphenol, and using 6.57 kg of bisphenol A polycarbonate.

Step (8-2): Production of Carbamic Acid Ester

The same method as step (1-2) of Example 1 was carried out with the
exception of supplying the mixture prepared in step (8-1) at 11.3 kg / hr instead of the
mixture produced in step (1-1) and supplying hexamethyiene diamine at 0.44 kg / hr
to the reactor 202.

As a result of analyzing the solution following the reaction by gas
chromatography, hexamethylene diamine was not detected.

Step (8-3): Production of Isocyanate by Thermal Decomposition of Carbamic
Acid Ester

The same method as step (1-3) of Example 1 was carried out with the
exception of supplying the mixture recovered in step (8-2) instead of the mixture
recovered in step (1-2) to the thin film distillation apparatus 301 at 180°C and at a
rate of 2.12 kg / hr, condensing gas distilled from the top of the continuous multistage

distiliation column 312 in condenser 308 via a line 34, continuously extracting from a
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Wast e conpact di sks (pol ycarbonate vapor-deposited with al um num and
coated with |lacquer) were crushed with a shredder to a particle dianeter of
about 1 to 15 mm A mxture was prepared by carrying out the same nethod
as step (1-1) of Exanple 1 with the exception of using 33. 8 kg of

2,4-di-t-apyl phenol instead of  4-t-octyl phenol, and usin of, the
pol yca!mosétaé & faterRiebaut SQorghr and recovaringod sterage Rk %ve hﬂg‘lﬂe&d of
bi sphenol A pol ycarbonate. 108 Step (10-2): Production of Carbami cAcid

Est er entea romat thedline ﬁwqagpwpnmmtpimg ahouit 98.8%e byowsightt of t he
exception of supplying the m xture prepared in step (10-1) at 11.9 kg / hr
i nst echexamethipienel diisocyapated anadthen yidid pastd 1on decametbylghegliamine was
3-am nonet hyl - 3,5, 5-trinethyl cycl ohexylamne at 0.68 kg / hr to the
react ighotZ79%s a result of analyzing the solution follow ng the reaction
by gas chromatography, 3-am nonethyl-3,5,5-trinethyl cycl ohexyl am ne was

not detect edSt %ﬁ Eégo@éw o?ﬁf?gl‘r'l‘éhb?'&roﬁf)ﬁ @BﬁiﬁH’LﬁHe by Ther nal

Deconposi ti on of amc “Aclid Este e same net hod as step (1-3) of

rEéggBLreeé Ins %Fﬂél(q'%ﬂ%ﬁl nstsxlgea(':élh@f'4 ?\’ge%&é |e°f1 r%%é(%gi?)élrﬁ% In srqtﬁtwf 2) to

the thin f |st|I ation, apparatus 301, at 175C and, at . 90 kg
e emating ol ySlie R i PRBSS Hotfeaneht Seccieren N St (b irdisar of Beage
dIStI on colum 312 in condenser 308 vi | | ne 34 ont i huou

ext radlq Phage, component secqyers: rfatséoré'seataaﬁt?aaﬂiolrgswph(r @%@(ﬁ?@!?&ﬁb in
storage tank 309. The liquid extracted fromthe Iine 35 was a sol ution
cont ai Wn&@nmﬂﬁbmﬁ@%&wwmhmﬁ bigphenedpwas saeovared by ading, Statiarale yi el d

based on 3-am nonet hyl-3,5,5-trinmethyl cyclohexyl am ne was about 67% Step
( 10- 4)of gketib 1683 gjlfhrArorratic Hydr oxy Conpound

[0149]
Example 9
Step (9-1): Preparation of Mixture of Aromatic Polycarbonate and Aromatic
Hydroxy Compound
A mixture was prepared by carrying out the same method as step (1-1) of
Example 1 with the exception of using 25.3 kg of 24-di-t-amylphenol instead of
4-t-octylphenol, and using 10.4 kg of bisphenol A polycarbonate. |
Step (9-2): Production of Carbamic Acid Ester
The same method as step (1-2) of Example 1 was carried out with the
exception of supplying the mixture prepared in step (9-1) at 8.92 kg / hr instead of the
mixture produced in step (1-1) and supplying 3-aminomethyl-3,5,5-trimethyt
cyclohexylamine at 0.51 kg / hr to the reactor 202.
As a result of analyzing the solution following the reaction by gas
chromatography, 3-aminomethyl-3,5,5-trimethyl cyclohexylamine was not detected.
Step (9-3). Production of Isocyanate by Thermai Decomposition of Carbamic

Acid Ester
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The sane nethod as step (1-4) of Exanple 1 was carried out with the
exception of using the |liquid phase conponent recovered in step (10-3)
instead of the 1iquid phase conponent recovered in storage tank 307 in
step (1-3), and a solution containing about 99% by wei ght of bisphenol A
was recovered fromline 50 at the rate of about 390 g / hr. [015

Exanpl e 11 10® samg methad -asorsienrdt3hbef dxampleurle was sagied jqut wnt]\ the

Pol ycar bonate and Aromatic Hydroxy Conpound A m xture was prepared by
carryi nexosptionhef sepplyingt thhedmiduss epcagviered inf stepx@-p) nstead tdfi theeméstarept i on
of using 33.3 kg of 2,4,-di-cunyl phenol instead of 4-t-octyl phenol, and
usi ng Sedoléredf inbstep nzal toftheothins iraadigtilatiobt &ppdratus2301 Bt adocCi anwd ot a

Carbami c Acid Ester The same nethod as step (1-2) of Exanple 1 was carried

out WI tﬁété be2, 1@<t€g?phr %naénghgrgawdlgmtéaerr@mhérts lblfﬁ@&@ﬁhddbu%tuﬁaméﬂabel) at
10.7 kg / hr instead of the mXxture produced in step (1-1) and supplying

3- an1n t
react or Igé)ﬁlon:)b&éurrﬁgs% %TH ane'lll% g Pﬁg%?[sn(ﬁ] 3? ?%onrﬂpﬁﬁlg% énxéacﬁhﬁrf@;ﬁﬁ on
by gas h to |- y. was
not dot & 2.1 as?%%%?%fo%q%’*ﬁé?ﬁer{%s? s CHer0e ik 20 TR dGid
Deconposi,t a ci d Este .The sane.nmet hod tep (1-3) . of
Bcanp) SRTARE dipr 06 DS 3 Ve o SOLEB poaRAS a4 By welthtrof
recovered in step.(11-2) instead of the m xture recovered in_step (1-2) t
t he t hilRophereng; giisogyanate apdatha udeldobaged 1900333mm9fneéhylr%5é-tmqh2b kg
I hr, condensing gas distilled fromthe top of the continuous multistage
di sti | leyciahexylimine veapaboutdiienser 308 via a |ine 34, continuousl y
extracting froma
Step (9-4): Recovery of Aromatic Hydroxy Compound
The same method as step (1-4) of Example 1 was carried out with the
exception of using the liquid phase component recovered in step (9-3) instead of the
liquid phase component recovered in storage tank 307 in step (1-3), and a solution
containing about 99% by weight of bisphencl A was recovered from a line 5C at a rate
of about 500 g/ hr.
[0150]
Example 10
Step (10-1): Preparation of Mixture of Aromatic Polycarbonate and Aromatic
Hydroxy Compound
Waste compact disks (polycarbonate vapor-deposited with aluminum and
coated with lacquer) were crushed with a shredder to a particle diameter of about 1 to
15 mm.
A mixture was prepared by carrying out the same method as step (1-1) of
Example 1 with the exception of using 33.8 kg of 2,4-di-t-amyiphenol instead of
4-t-octylphenol, and using 13.8 kg of the polycarbonate crushed according to the

method described above instead of bisphenol A polycarbonate.
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line 35 at a rate of about 94 g / hr and recovering in storage tank 309.
The liquid extracted fromthe Iine 35 was a sol ution containi ng about

99. 8% by wei ght of isophorone diisocyanate, and the yield based on

3-am nonet hyl - 3,5, 5-tri net hyl cycl ohexyl am ne was about 77% Step (11-4):

Recovery of Argnat, roxy Conpound The sanme net hod as step (1-4) of
Exanpl e 1 was %:?Pr(i"@ﬁ)&foﬁqﬂﬁ"tq{&a@ﬂﬁ%ﬁpﬂiﬁﬂr using the liquid phase
conmponent reigvered in step (11-3) instead of the 110 liquid phase

re

conponent Gef@Be methed aae stepk(132) df nExample 1 Was aadried seltuitANthe
cont ai ni ng about 99% by wei ght of bisphenol A was recovered froma |ine 50

at the @xaeption ofisupplyieg the mikiure [Weseed iRetep!(2043 S8t EID t%?r Ap I_iiygtead of
FoXy

Preparati on of M xture of Aromatic Pol ycarbonate and Aromatic

Conpoundhg miixtuce eprodaced epak y-Qagpyi t h A8
(1-1) of Exanple 1 with the ?)?cgpt?oﬁhgf Qﬁ?g’ﬁgng%&ﬁ@gﬁoﬂ%ghﬁgﬁétﬁ%

i nst ead eyclohxitapsing|a? 068 kg / AP tha &%c(ﬂ)c?-%aig of bi sphenol A

pol ycarbonate. Step (12-2):  Production r bam cAci d Ester The sane

met hod as stgp @1- f - rried out with, the exception of
suppl ying the m xt%r%gﬁprogggﬁgtﬁllnﬁ \g?%pc%ﬁtkoﬂ %Mog!r& the /reprtion s bya gast
the m xt ' 1: 1), and s | yin .

5~ arm norey KA RS, & bl ethviis SHamsHiheioBexdaminayas ot detocters
reactor 202. 1 f anal yzing the solution follow ng the reaction
by gas chron@%@@%ﬁbjj,ﬁrﬁﬁﬁﬁ%ﬂg anats by Fhermal \Decompasition bbGarbmmias
not det ?t&:gﬁ Step (12-3): Production of |Isocyanate by Ther nal
Deconpodt?d /&St Carbamic Acid Ester

The same method as step (1-3) of Example 1 was carried out with the
exception of supplying the mixture recovered in step (10-2) instead of the mixture
recovered in step (1-2) to the thin film distillation apparatus 301 at 175°C and at a
rate of 1.90 kg / hr, condensing gas distilled from the top of the continuous multistage
distillation column 312 in condenser 308 via a line 34, continuously extracting from a
line 35 at a rate of about 90 g / hr and recovering in storage tank 309. The liquid
extracted from the line 35 was a solution containing about 99.8% by weight of
isophorone diisocyanate, and the yield based on 3-aminomethyi-3,5,5-trimethyl
cyclohexylamine was about 67%.

Step (10-4): Recovery of Aromatic Hydroxy Compound

The same method as step (1-4) of Example 1 was carried out with the
exception of using the liquid phase component recovered in step (10-3) instead of the
liquid phase component recovered in storage tank 307 in step (1-3), and a solution
containing about 99% by weight of bisphenol A was recovered from line 50 at the rate
of about 390 g / hr.

[0151]

Exampie 11
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The sane nethod as step (1-3) of Exanple 1 was carried out with the
exception of supplying the m xture recovered in step (12-2) instead of the
m xture recovered in step (1-2) to the thin filmdistillation apparatus
301 at 180C and at a rate of 1.89 kg / hr, condensing gas distilled from
the top of thgt coati&cajs multistage distillation colum 312 in condenser
308 via a |ineteRs(TicbhRrapaiatiopn efMidune efjArompatia Palyoscbamtetand Amraatic
about 99 g / hr and recovering in storage tank 309. The liquid extracted
from t hEYArey Gomaaund sol ution contai ni ng about 99.8% by wei ght of 111

| sophorone diisocyanate, and the yield based on

3- am noret hi\ néxtBres-was peepared by danlying loatiithe sume ahethod” 380 st8he@-1)L8f 4) -
Recovery of Aromatic Hydroxy Conpound The sane nethod as step (1-4) ‘of

Exanpl eEampte dawithetheo ekcaptidh b rsir) 3308 ik%”on2,4‘,5ci!i_ftgjrﬁ§ﬂ6%ﬁél“§n§té§&IaﬁF
I quli

conponent recovered in step (12-3) instead of the ase conponent
r ecover £4-detyshéraidgnd a8itgPd K : | ution containing
about 99% t%tyevel gh’tJ of bi g?ﬁérﬁ{bf?'%}énﬂ?&oe@%gb%%%a line 50 at the
rate of about - . tep (13-1): Preparation of

M xt ure of Ar%‘%égﬂgj&b%%"%éﬁﬁ&“iﬁ%%ﬂéfﬁ” Hydr oxy Conpound A m xture
was prepare rryj ut the s thod as ste 1-1) of Exanple 1
vvithpt hg exgg%%/?%'ﬁeoﬁ%g?(ﬂga%lﬁ?ﬁp k@r'rg)f EEX%P ﬂhé’?ﬂﬂ( cé‘ﬁ")d'ﬁd,usqqigwmm.om%g of
bi sphengl A.pol ycarbonate. Ste é13- 2): Production of Carbam cAcid Ester
The. santXRBERG Pf-uRBliRG fhe mixiire Brapaed in StEB (¢4 iR 0L kgl hihinstead of
excepti%n of, supplying the mxture prepared in step (13-1) at 11.3 kg / hr
i nst eadNBf MixtyEe Rreduced gnosteped iyl 8ndpsypplyingaReamimomethyled,5,5-trimethyl

4, 4" - met hyl enebi s(cycl ohexyl am ne)
cyclohexylamine at 0.47 kg / hr to the reactor 202.

As a result of analyzing the solution following the reaction by gas
chromatography, 3-aminomethyl-3,5,5-trimethyl cyclohexylamine was not detected.
Step (11-3): Production of Isocyanate by Thermal Decomposition of Carbamic
Acid Ester
The same method as step (1-3) of Example 1 was carried out with the
exception of supplying the mixture recovered in step (11-2) instead of the mixture
recovered in step (1-2) to the thin film distillation apparatus 301 at 180°C and at a
rate of 2.20 kg / hr, condensing gas distilled from the top of the continuous multistage
distillation column 312 in condenser 308 via a line 34, continuously extracting from a
line 35 at a rate of about 94 g / hr and recovering in storage tank 309. The liquid
extracted from the line 35 was a solution containing about 99.8% by weight of
isophorone diisocyanate, and the yield based on 3-aminomethyl-3,5,5-trimethy!
cyclohexylamine was about 77%.
Step (11-4): Recovery of Aromatic Hydroxy Compound
The same method as step (1-4) of Example 1 was carried out with the

exception of using the liquid phase component recovered in step (11-3) instead of the
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(Aldrich Corp., USA) at 0.63 kg / hr to the reactor 202. As a result of
analyzing the solution following the reaction by gas chromatography,

4, 4" - met hyl enebi s(cycl ohexyl am ne) was not detected. Step (13-3):
Production of |Isocyanate by Thermal Deconposition of Carbamc Acid Ester

The reac;i carried out using an apparatus like that showmn in FIG 4.
A thin f?'?@qacﬁ{@%‘i ?%’?‘PBHG%W@@ Hostorags dando 36¢€ dn Stepi(1-3)safid a soililon
Japan) %&2 havi % a gggt-conQUcti ng_ surface area of 0.1 n2 was heated to
280C, an{CTRENING @bout 90%, by weight af lspbenommreo‘avéré@ﬁommqmg5@?&%9
recovered . in _storage tank 203 in step (13-2) was heated to 180C an

suppl i ed™dt8 of gbobt,39% g /ihte thin film distillation apparatus 401 at a rate
of about 2210 g / hr via a line 61. A portion of a |iquid phase conponent
extract el®¥2bm the bottom of the thin filmdistillation apparatus 401 was
circulated to the top of the thin filmdistillation apparatus 401 via a
line 66 Bxampld {2e 60, while the remai nder was extracted into a storage
tank 407. On the other hand, a gaseous phase conponent was extracted from

a line 62 and stapnabipd t | tistage _distillation colum 402.
The gaseous phasgqgoﬁor%%&gg?ﬁgétq%%?g&t ré’"l'qat%epﬁ cathonate andriiemation

distill gy RIHh 401 was continuously fed to the internedi ate stage
of the c%nt ix%uousaan%ﬂ i stage distillation columm 402 having an i nner

di anet er of m. and a colum | ength of 2 mand packed with Di xon
packi ng (di aﬁeqﬂe%":'r%&ﬁﬁ) P‘i%’aéqf 2‘)’ cauyingi aut theaseme swthodtaostay (1119 of
gaseous @%@@@ cgrrpaﬂ"en . The anmount of heat required for distillative
separatio g Jdupt CpPXEEPURN afh ripinge25.5qigd of n bisphehel tAMnsidad s
columm t tr_gﬁgp a line 69 and a reboiler 405. The liquid tenperature in the

bottom & phenel. anduisingin 0i7skggbisphendl Apolgtamonats) 402 was 220C, and
the pressure at the top of the colum was about 3 kPa. A |liquid phase

conponent was Stefufi3-2k Productiarhef Gattiapmic#cid E8teront i nuous mul'ti st age
distillation colum 402 to a
The same method as step (1-2) of Example 1 was carried out with the
exception of suppiying the mixture prepared in step (12-1) at 9.04 kg / hr instead of
the mixture produced in step (1-1} and supplying 3-aminomethyi-3,5,5-trimethyl
cyclohexylamine at 0.53 kg / hr to the reactor 202.
As a result of analyzing the solution foliowing the reaction by gas
chromatography, 3—aminomethyl-3,5,5-trimethyl cyclohexylamine was not detecied.
Step (12-3): Production of Isocyanate by Thermal Decomposition of Carbamic
Acid Ester
The same method as step (1-3) of Exampie 1 was carried out with the
exception of supplying the mixture recovered in step (12-2) instead of the mixture
recovered in step (1-2) to the thin film distillation apparatus 301 at 180°C and at a
rate of 1.89 kg / hr, condensing gas distilled from the top of the continuous multistage
distillation column 312 in condenser 308 via a line 34, continuously extracting from a

line 35 at a rate of about 99 g / hr and recovering in storage tank 309. The liquid

extracted from the line 35 was a solution containing about 99.8% by weight of
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continuous nultistage distillation colum 412 via the line 69 and the line
63. The continuous nmultistage distillation colum 412 was a conti nuous

mul ti stage distillation colum having an inner dianmeter of about 5 cm and
a colum length of 2 mand packed with D xon packing (dianeter: 6 nm, and

distillative separation of the |iqui hase copgponent su Led fr t he
cont i rigRRIOTRNE Alisogyanates and atheo?w%@ Qgﬁei&" %'Hﬁm?%ﬁ%&%‘m Yhi's
distillation colum. The anmount of heat required for distillative

separ ayclohexyiaming waseabeut 72%cul ating liquid in the bottom of the col um
113 through a line 71 and a reboiler 410. The liquid tenperature in the
bot t om of t I8tep {12-¥)sRagevery of Ancroatic Hydraxy @oimpouad! um 412 was 230C, and
the pressure at the top of the colum was about 0.5 kPa. Gas distilled

fromthe tPRe odarh@emetivd g0 step NML4) of aBeardplet il Waisi earriod wut WRR thes
condensed in a condenser 408 via a line 64, continuously extracted froma

l'ine Gycahtign ot gwfthétiﬁmd piSsdlcompbnémtrecBGEedriRGtdp (1R-3F irdtédifof thek 409.

Liquid extracte omthe I1ne 65 s a solution contalning about 99% by
wei ghty L ' l; ' i 2l ed on
447 R phade SR TR ERLNEE 16 (bt W, ) weBH A At FspitRRCe ¢
Aromatic dr ox nd t . ,an.a rat us ' . I n
o onmting Sod SRy et ot sfhiRR] o Wt BS el doh S ihe B AR,
(13-3) was_ contjnuoysly fed to an internedi ate stage of a continuous
nulti§?£&19f@%lﬂti4qrba9?lgﬁ colum 413 having an inner dianmeter of about 5 cm
and a columm length of 2 mand packed wth D xon packing (dianeter: 6 mm
to carlPy58lLit separative distillation of the |iquid phase conponent. The
anount of heat required for distillative separation was supplied by
ci rculkxampleatPortion of the liquid in the bottomof the colum through a
line 75 and a reboiler 415. The liquid tenperature of the liquid in the
bottom of  Stepi(nBoys Prepdrativagd Mixtire|df aAroomaticoP olyoarbbBateand Aroneatit t he
pressure at the top
Hydroxy Compound
A mixture was prepared by carrying out the same method as step (1-1) of
Example 1 with the exception of using 34.1 kg of 4-t-octylphenol and using 11.1 kg of
bisphenol A polycarbonate.
Step (13-2): Production of Carbamic Acid Ester
The same method as step (1-2) of Example 1 was carried out with the
exception of supplying the mixture prepared in step (13-1) at 11.3 kg / hr instead of
the mixture produced in step (1-1) and supplying 4,4'-methylenebis(cyclohexylamine)
(Aldrich Corp., USA) at 0.63 kg / hr to the reactor 202.
As a result of analyzing the solution following the reaction by gas
chromatography, 4,4'-methylenebis(cyclohexylamine) was not detected.
Step (13-3): Production of Isocyanate by Thermal Decomposition of Carbamic
Acid Ester
The reaction was carried out using an apparatus like that shown in FIG. 4.

A thin fitm distillation apparatus 401 (Kobelco Eco-Solutions Co., Ltd., Japan)
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of colum was about 1.3 kPa. Gas distilled fromthe top of continuous
multistage distillation colum 413 was condensed in a condenser 414 via a
line 74 and continuously extracted into a storage tank 416 via a |ine 76.
A liquid phase conmponent was extracted froma line 78 of the continuous
mul tistage distillation colum 413 provided_at a |ocation |ower than a
line 7baxing aupeatieandusting suitaceustea ofn.1imf ayas dieated Itat 280°G; oandnthe 18.
The |iquid phase conponent supplied to the continuous nultistage

di sti | irderrah prassure ovassetittBabout ©.5ckPa.neTHS miskure epeovered ib\stoliageitahkt i on
in that distillation colum. The liquid tenperature at the bottom of the

cont i NROBSINMiep! FIRIF wiss hehted t@M80eCUaRd stibPlis@ to2theCiapn éf the thirefilwr € at

the top of the columm was 0.5 kPa. Gas distilled fromthe top of the

di stil Gatilator QPH%M&%%‘{ & PREYFHdUL Qzag%ﬂgﬁpﬁeé lifnd B a portldmer 49 and

continuously extracted at a rate of about hr 1nto a storage tank

409 vi ol 0 AWl ?féf o] L.ne : 1 :

cont ai ﬂ?ﬁlg gﬂ%ﬁ? cg@%ﬁﬂ%ﬁt\/&%ﬁﬁ 0 qﬁrﬁp@gﬁéﬁ%ﬂgﬁp[%ﬁgm Egaf;ﬁr'%: gﬁi@ag?%p

(14-1); ar aihon of. M xture of Aropptic.P an@gnate and, Ar tic

by o oPRRIHIE Ab' e rates8 e 508 T ik Biry SRYBAGH SpRiewd 0Tk a as

step (1-1) of  Exanple 1.with the exception of using 25.3 k f

> 20 ot T b Ansha o oh higuhg remaindes wan sesed A & SPiRpa Bk 4Q7. 00N

bi sphenol A pol ycarbonate. Step (14-2): Production of Carbam c Acid Ester

The safhe Rbhielohand. &t gaseaus phase wamperent was exiracted feam ailine fReand

exception of supplying the m xture prepared in step (14-1) at 8.92 kg / hr

i nst eadupplied toea cortinuaisomattistage distibation ¢adurbp 402 suppl yi ng

4, 4" - met hyl enebi s(cycl ohexylam ne) at 0.63 kg / hr to the reactor 202.

The gaseous phase component extracted via the line 62 from the thin fim

distillation apparatus 401 was continuously fed to the intermediate stage of the
continuous multistage distillation column 402 having an inner diameter of about 5 cm
and a column length of 2 m and packed with Dixon packing (diameter: 6 mm) to carry
out distillative separation of the gaseous phase component. The amount of heat
required for distillative separation was supplied by circulating the liquid in the bottom
of the column through a line 69 and a reboiler 405. The liquid temperature in the
bottom of the continuous muitistage distillation column 402 was 220°C, and the
pressure at the top of the column was about 3 kPa. A liquid phase component was
supplied from the bottom of the continuous multistage distillation column 402 to a
continuous multistage distillation column 412 via the line 69 and the line 63. The
continuous multistage distillation column 412 was a continuous multistage distiliation
column having an inner diameter of about 5 cm and a column length of 2 m and
packed with Dixon packing (diameter: 6 mm), and distillative separation of the liquid
phase component supplied from the continuous multistage distillation column 402

was carried out with this distillation column. The amount of heat required for

distiliative separation was supplied by circulating liquid in the bottom of the column
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As a result of analyzing the solution follow ng the reaction by gas

chromat ogr aphy, 4, 4'-net hyl enebi s(cycl ohexyl am ne) was not detected. Step
(14-3): Production of Isocyanate by Thernal Deconposition of Carbamic Acid
Ester The same nethod as step (13-3) of Exanple 13 was carried out with the
exception of supplying the mxture recovered in step (14-2) instead of the
m xture threugh& gﬂel'fri and @ (alwiley 418. t Hde liquiditemperatire lin dbe hottopp of bes
401 at 180C and at a 115 rate of 2.28 kg / hr, condensing gas distilled

f r om t heriuliistage tcoaticuous distilistionucoluninagit2 mﬂssZ30°Bateindrthecﬂressuré1a the top
condenser 408 via a |line 64, continuously extracting froma line 65 at a

rate of abaké cohdmde wabralid 0.6CRPAr | Casl distiliéd Jesin tthekiopO8f tAéecdntifiubds
extracted fromthe line 65 was a sol ution containing about 99.8% by wei ght

of 4,4 rrf(ﬁﬁ%%@'@%tméﬁéb{ %ﬁhﬁr’ﬂdﬁsﬂ%%ﬁhé}lse@gﬁi a &?ndér%bﬁj 408504 #line 64,

4, 4' et hyl enebi s(cycl ohexyl am ne) was about 70% p (14-4): Recovery of

Ar ot chbfﬁﬁﬁl%iﬁlfﬁﬁi’z? staq fﬂi{ﬁfi g a8 '%H%t%%f ?@gﬁtl gdf?ﬁ‘y)hroénoEF%%fedlﬁn 4as

carried out exce usin pHRase conponen
recoveredg,i |nstead of the Iliquid phase conponent recovered
I n storaa'l? ?%%LaWn step (13-3), and a liquid containing about 99% by
wei ght of bi sphenol s recovered fromline 80 at a.rate of about 433 ¢
/' hr. [0155] i!q%mrect fepradhe line B5 was analdtioneonipiningabeet $1% Ayowaiont

Pol ycarbonate and Aromatic Hydroxy Conmpound A mixture was prepared by

carryi ngobut %ﬁngmr\ebtsﬁ@xcl@newa@cxapam) of argdkanthe 1yigld h thasedxcepni on
of using 28.3 kg of 4-dodecyl phenol (Al drich Corp. USA) instead of
4- t - oct y#ptemethylenebis(eicahet@laming) vasHbap 266, A poI ycar bonat e.

Step (13-4) Recovery of Aromatic Hydroxy Compound

Next, an apparatus was used like that shown in FIG. 4.

The liquid phase component recovered in storage tank 407 in step (13-3) was
continuously fed to an intermediate stage of a continuous multistage distillation
column 413 having an inner diameter of about 5 cm and a column length of 2 m and
packed with Dixon packing (diameter: 6 mm) to carry out separative distillation of the
liquid phase component. The amount of heat required for distillative separation was
supplied by circulating a portion of the liquid in the bottom of the column through a
line 75 and a reboiler 415. The liquid temperature of the liquid in the bottom of
continuous multistage distillation column 413 was 170°C and the pressure at the top
of column was about 1.3 kPa. Gas distilled from the top of continuous multistage
distillation column 413 was condensed in a condenser 414 via a line 74 and
continuously extracted into a storage tank 416 via a line 76. A liguid phase
component was extracted from a line 78 of the continuous multistage distiliation
column 413 provided at a location lower than a line 73 and supplied to a continuous

multistage distillation column 418.

The liguid phase component supplied to the continuous multistage distillation
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Step (15-2): Production of Carbam c Acid Ester The sane nethod as step
(1-2) of Exanple 1 was carried out with the exception of supplying the
m xture prepared in step (15-1) at 9.67 kg / hr instead of the m xture
produced in step (1-1) and supplying 2,4-tol uenediam ne (A drich Corp.,
USA) at 0. 37 kg / hr to the reactor 202. As a result of anali/zmg t he

sol ut i ofOlEN diBryatthe linenéBiwas iIsepgkated iy distillatipm im ghatdiatilladioneerlumin ne
was not detected. 116 Step (15-3): Production of |Isocyanate by Ther nal
Deconpodheiliguicbterapeiatunecat thei kbttrm af the costineous muliistage siistiiation 2plumfin
Exanple | was carried out with the exception of supplying the m xture

r ecover 4d8iwass240°Q ahd e predsurel adthe fop dfithe Lolumn eRVEEAP4. N Gashistiled) to
the thin filmdistillation apparatus 301 at 160C and at a rate of 1.75 kg

I hr, coofefid fth bthedditilldtiondcdiunin 418 v&ayoc&idéﬁs@dqwﬁ bBH@éﬁséﬂH‘Fg ¢lacge

dIStI||atI0n collum 312 in condenser 308 via a |ine 34, continuously
extract jing i in
ctor age e 358 Soptiniiushy ehiradte e a FateBF dboit 3fn o e 0.4 SRR4GE 1ok
contain 9 .
yiel d paddyeaine 8.t Peltes oo 105 e HsbhEe o SGHAERhhaiiEd srdfy o1
Aromat i ound The same nethod as step (1-4) of Exanple | was
carri edgg%/ Wﬂ%ﬁ@rﬁ%@@@ﬁr on of using the liquid phase component
recovered in step (15-3) instead of the 1iquid phase conponent recovered
in storﬁb ank 307 in step (1-3), and a solution containing about 99% by
wei ght of bisphenol A was recovered fromline 50 at a rate of about 380 g
/ hr. [Bxseiple B4anple 16 Step (16-1): Preparation of Mxture of Aromatic
Pol ycar bonate and Aromatic
Step (14-1): Preparation of Mixture of Aromatic Polycarbonate and Aromatic
Hydroxy Compound
A mixture was prepared by carrying out the same method as step (1-1) of
Example 1 with the exception of using 25.3 kg of 2,4-di-t-amylphenol instead of
4-t-octylphenol and using 10.4 kg of bisphenol A polycarbonate.
Step (14-2): Production of Carbamic Acid Ester
The same method as step (1-2) of Example 1 was carried out with the
exception of supplying the mixture prepared in step (14-1) at 8.92 kg / hr instead of
the mixture produced in step (1-1) and supplying 4,4'-methylenebis(cyclohexylamine)
at 0.63 kg / hr to the reactor 202.
As a result of analyzing the solution following the reaction by gas
chromatography, 4,4'-methylenebis(cyclohexylamine) was not detected.
Step (14-3): Production of Isocyanate by Thermal Decomposition of Carbamic
Acid Ester
The same method as step (13-3) of Example 13 was carried out with the

exception of supplying the mixture recovered in step (14-2) instead of the mixture

recovered in step (13-2) to the thin film distillation apparatus 401 at 180°C and at a
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Hydr oxy Conmpound A m xture was prepared by carrying out the sane nmethod as
step (1-1) of Exanple 1 with the exception of using 29.5 kg of

2,4-di -t-anyl phenol instead of 4-t-octylphenol, and using 12.1 kg of

bi sphenol A polycarbonate. Step (16-2): Production of Carbam cAcid Ester
The sane n@tzhgg as step (1-2) of Exanple 1 was carried out with the

except YR B2-<BEBIIrmepndansinggas distifles fiom thentapt @fthe entinuaus tiuttistage/ hr
instead of 117 the m xture produced in step (1-1) and supplying

2, 4- t ofistiliatipmerkinmd 12 in gokdenserrddviata tine €4¢ contiRisusly exBactig frondé

anal yzing the solution follow ng the reaction by gas chromatography,

2, 4- t oline GSdatarirate olaboutt13%gdHreshd Ricvelidg iR storBhadaAk 409, OfrheSRfignat e
by Thernmal Deconposition of Carbam c Acid ESster The sane nethod as step

(1-3) ektravtedpirem th&dineassi wes Oaltsoliitidh TcBﬁtaiﬁﬁSGQEc%LSchQTS% 'vyéigﬁtl e

m xture recovered in step (16-2) instead of the ™m X recovere n step
(1-2) sisthildhabis) LA ' appaLajus at 0oC t a _rate
of 1.97 kg / %r, B%ﬁ%}leanﬁez‘ghég%@% ?sﬂet)i | eéﬁ?rom?lﬂée t(ys;quf t%%egnti bus
mul tis PN ' 12 in copdenser 308 via a |ine 34,

conti nﬁgﬁl??eyt%@[‘?ié‘l%ﬁfﬁ@}teﬁ‘gh@ﬂe%ﬁ& a?@”g?ﬂéﬁrate of about 86 g / hr and
recovering i Q. stQragetank 309., The liquid extracted fromthe Iine 35 was
a solution cgﬁpa@ﬁr‘ﬂgR&f}BM?WﬁPs'ﬁ}mw\@djﬁw sempound o| y| enedi i socyanat e,
and the vyi ‘?‘ d based on 2. 4-tol uenedi am ne was about 78% Step (16-4):
Recovery of N&r 83MEi Methed @8y stepnbbiml ofhExample 18 was carriedeput with) the

Exanple 1 was carried out wwth the exception of using the |liquid phase
conpon@¥fentiepsf aising the liquighphasge spmiponestikooivetdtkin step (i 4-3) astead offienent
recovered in storage tank 307 in step (1-3), and a solution containing
about ¥pd tphasei eimporierti rcbeensld it storagetaniedod ihrstep! (BE3)>Andt a diqurf ©
containing about 99% by weight of bisphenol A was recovered from line 80 at a rate
of about 433 g/ hr.
[0155]
Example 15
Step (15-1): Preparation of Mixture of Aromatic Polycarbonate and Aromatic
Hydroxy Compound
A mixture was prepared by carrying out the same method as step (1-1) of
Example 1 with the exception of using 28.3 kg of 4-dodecylphenol (Aldrich Corp.,
USA} instead of 4-t-octyiphenol, and using 10.4 kg of bisphenol A polycarbonate.
Step (15-2): Production of Carbamic Acid Ester
The same method as step (1-2) of Example 1 was carried out with the
exception of supplying the mixture prepared in step (15-1) at 9.67 kg / br instead of
the mixture produced in step (1-1) and supplying 2,4-toluenediamine (Aldrich Corp.,
USA) at 0.37 kg / hr to the reactor 202.

As a result of analyzing the solution following the reaction by gas

chromatography, 2,4-toluenediamine was not detected.
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of about 460 g / hr. [0157] Exanple 17 Step (17-1): Preparation of M xture
of Aromatic Pol ycarbonate and Aromatic Hydroxy Conpound A m xture was
prepared by carrying out the sane nethod as step (1-1) of Exanple 1 with

t he exception of using 24.4 kg of 2-phenyl phenol (Wako Pure 118 Chem cal

I ndustries, Ltd., Japan) instead of 4-t-octyl phenol, and using 12.9 kg of
bi sphenol A $i8pydardioReadsiction f igocyapate by Jﬁaaﬂabﬂe@wmggslbam Carbamitst er
The sane nmethod as step (1-2) of Exanple 1 was carried out with the
exceptAed Estesuppl ying the m xture prepared in step (17-1) at 9.35 kg / hr
i nstead of the m xture produced in step (1-1) and supplying

2, 4-tol uentheasame aietbioddak Btép N1-3)0 of t Bramplec tlowa¥0 2arred putewdtht thef
anal yzing the solution followi ng the reaction by gas chronatography,

2, 4- 1 Ob@PEBh BT SWpphARgAE MpdGiel RsbovereP in slep3|15-2) R4tehd OF the mpaaanat e

by Thernmal Deconposition of Carbam c Acid Ester The sane nethod as step
i xt urseoessibintetep AL fHehthif im Uiblidid afpidials 301 % MUPE dhdiGeds,
> 12 5t R 7ok bh eBhefainb s FRVERFOE 18 58 b e Sl Mhnase™ ©
e B SR COMERer Y R SEBS harBiohl flio op an
recoveri ngsi n stora(%e tank 309. The liquid extracted fromthe_|ine 35 was

a sol uineAd @A mtei fiakas i3 99 brang reeevatingoin storage tank 30Rq; The dguicht e,

and the yield based on 2, 4-tol uenedi am ne was about 76%
extracted from the line 35 was a solution containing about 99.8% by weight of

2,4-tolylenediisocyanate, and the yield based on 2,4-toluenediamine was about 79%.
Step (15-4): Recovery of Aromatic Hydroxy Compound
The same method as step (1-4) of Example 1 was carried out with the
exception of using the liquid phase component recovered in step (15-3) instead of the
liquid phase component recovered in storage tank 307 in step (1-3), and a solution
containing about 99% by weight of bisphenol A was recovered from line 50 at a rate
of about 380 g/ hr.
[0156]
Example 16
Step (16-1): Preparation of Mixture of Aromatic Polycarbonate and Aromatic
Hydroxy Compound
A mixture was prepared by carrying out the same method as step (1-1) of
Example 1 with the exception of using 29.5 kg of 2,4-di-t-amylphencl instead of
4-t-octylphenol, and using 12.1 kg of bisphenol A polycarbonate.
Step (16-2): Production of Carbamic Acid Ester
The same method as step (1-2) of Example 1 was carried out with the

exception of supplying the mixture prepared in step (16-1) at 10.4 kg / hr instead of
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Step (17-4): Recovery of Aromatic Hydroxy Conmpound The same nethod as step
(1-4) of Exanple 1 was carried out with the exception of using the liquid
phase conponent recovered in step (17-3) instead of the 1iquid phase
conponent recovered in storage tank 307 in step (1-3), and a solution

cont ai ni ng about 99% by \_Neitght of bi sphenol A was recovered froma |line 50
at the thermiduregreducedin step (ir1) ansd sepplying Z4-delenedianmipe gt 043 kg / hr to
Preparati on of M xture of Aromatic Pol ycarbonate and Aromatic Hydroxy
Conpoundthe neagtan202nwas prepared by carrying out the sane nethod as step
(1-1) of Exanple 1 with the exception of using 24.4 kg of 4-nonyi phenol

instead of Ast -acteguithesfolanalyring!sthey olGiok g falfowing pltsnoteattion by gas
pol ycarbonate. Step (18-2): Production of Carbam c Acid Ester The sane

met hod  aghiphftographly, B4-teldfedfarhingdgas Abt He@cdd W th the exception of
supplying the mxture prepared in step (18-1) at 8.53 kg / hr instead of

th Lt : ) : > . I ¢
0.5 kg I hr TSR PPl pHsGanale By Mgl BpcHRpRsER e Ritbririe 2
fol |l ow nﬂ?@ggstéfam ion by gas chromatography, 4,4'-nethylenedianiline was

not detect ep (18-3): Production of I|socyanate by Thermal
Beanpl o 13 vAbocSReC Pt PIERCl-Sk ALpERBMPIR &V JRaFRed ot e
recovered in ste 18-2) instead of the m xture recaovered in step (13-2)
Lo he L PHGERION-PTIPERRYINaL NG maee searyems I stam §E5-2h dnsieadl of theamorturs 10
kg / hr, condensing gas distilled fromthe top of the continuous nultistage
recovered in step (1-2) to the thin film distiliation apparatus 301 at 160°C and at a
rate of 1.97 kg / hr, condensing gas distilled from the top of the continuous multistage
distiliation column 312 in condenser 308 via a line 34, continuously extracting from a
line 35 at a rate of about 86 g / hr and recovering in storage tank 309. The liquid
extracted from the line 35 was a solution containing about 99.8% by weight of
2,4-tolylenediisocyanate, and the vield based on 2 4-toluenediamine was about 78%.
Step (16-4): Recovery of Aromatic Hydroxy Compound
The same method as step (1-4) of Example 1 was carried out with the
exception of using the liquid phase component recovered in step (16-3) instead of the
liquid phase component recovered in storage tank 307 in step (1-3), and a solution
containing about 99% by weight of bisphenol A was recovered from line 50 at a rate
of about 460 g / hr.
[0157]
Example 17
Step (17-1): Preparation of Mixture of Aromatic Polycarbonate and Aromatic
Hydroxy Compound

A mixture was prepared by carrying out the same method as step (1-1) of

Example 1 with the exception of using 24.4 kg of 2-phenylphenol (Wako Pure
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distillation colum 412 in condenser 408 via a |ine 64, continuously
extracting froma Iline 65 at a rate of about 107 g / hr and recovering in
storage tank 409. The liquid extracted fromthe Iine 65 was a sol ution
cont ai ni ng about 99.8% by wei ght of 4,4'-diphenyl net hane diisocyanate, and
t he yie?ﬂ b%%ﬁgﬁan 4,4'-q§thylenedianiline was about 63% Step (18-4):
Recover g bstiesy 4idx yapah) sisterd ol 4hostyinhensd, asd asing (1239 &g of
Exanpl e 13 was carried out with the 120 exception of using the liquid
phase cfpleRe|A pelyearbonate.n step (18-3) instead of the |iquid phase
conponent recovered in storage tank 407 in step (13-3), and a solution

cont ai ni ng abd¥ep (982)bRrodrictioh of Carbamiteacid Bses recovered froma line 80
at arate of about 410 g / hr. [0159] Exanple 19 Step (19-1): Preparation

of Mxture The Asamet imetived VA Ishamate22 0 EXaRBld 9 gg\édrcﬁﬁem?\%yﬁioﬁe

m xture was prepared by carrying out the sanme neth as ste

st ead OrF At oer oubns Miaure HARSq A ik tl7 1) S b i ASlER of

i nstead of 4-t-octyl'pheno si'ng
pol ycarthens ?r 5%— : mlz [ i f. Car ic Acid.Este TgﬁeQ sane
net hod as s%cgge 16% 0 ln@%p ﬁgg%?@a@bgﬁf’?@uﬁ %ewcﬁﬂmﬂ%at @)3& i Rgrtoot
suppl yitﬁg ré@&of%é%ure. prepared in step (19-1) at 8.92 kg / hr instead of
the m xtureé prodiCed in step (1-1) and supplying 4,4 -nethyl enedi aniline at
0.59 kg / &r to the reactor 202. As a result of analrézing t he sol ution
fol I owing the PedE8YbnObyagalyzingn thaniselitionnfollawing ribehyeactiat aby| igas was
not detected, Step (19-3): Production of I|socyanate by Ther nal
Deconp&&remateasaninn lsenediamine was not detected.
Step (17-3): Production of Isocyanate by Thermal Decomposition of Carbamic
Acid Ester
The same method as step (1-3) of Example 1 was carried out with the
exception of supplying the mixture recovered in step (17-2) instead of the mixture
recovered in step (1-2) to the thin film distillation apparatus 301 at 250°C and at a
rate of 2.12 kg / hr, condensing gas distilied from the top of the continuous muitistage
distillation column 312 in condenser 308 via a line 34, continuously extracting from a
line 35 at a rate of about 82 g / hr and recovering in storage tank 309. The liquid
extracted from the line 35 was a solution containing about 99.8% by weight of
2 ,4-tolylenediisocyanate, and the yield based on 2 4-toluenediamine was about 76%.
Step (17-4): Recovery of Aromatic Hydroxy Compound
The same method as step (1-4) of Example 1 was carried out with the
exception of using the liquid phase component recovered in step (17-3) instead of the

liguid phase component recovered in storage tank 307 in step (1-3), and a solution

containing about 99% by weight of bisphenol A was recovered from a line 50 at the

rate of about 440 g / hr.

[0158]
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Acid Ester The sane nethod as step (13-3) of Exanple 13 was carried out
with the exception of supplying the mxture recovered in step (19-2)
instead of the m xture recovered in step (13-2) to the thin film
distillation apparatus 401 at 180C and at a rate of 1.98 kg / hr,

condenséﬁnqq_gﬁlas_'cﬁji stilled fromthe top of the continuous nultistage
distill € utm 412 in condenser 408 via a line 64, conti nuously

extracting froma line 65 at a rate of about 104 g / hr and recovering in
storage t ank AR (18+1d: Preparation 2 Mixture of diofimatio Potgcarbonateband Aranficut i on
cont ai ni ng about 99.8% by wei ght of 4,4'-diphenyl net hane diisocyanate, and
the vyi é‘ll\(ﬂ%Q&\SG@ntpOLMM' -nmet hyl enedi aniline was about 66% Step (19-4):
Recovery of Aromatic Hydroxy Conpound The sane nethod as step (13-4) of

Exanpl e 13 Avamixturerivag prebatéd byt &8ryify Rt ih‘é”sﬁ:fgeuﬁéfﬁo& '%hggég)“k‘gﬂgrﬁse

conponent recovered in step (19-3) instead of t quid onent

Sbout 500k uei ot crepexAipioh of B8t 233 ke, FIRIWINGND oS Yo e
Ar ot et paynahel, a8 Wing, KRBT 6 Rotb IR AGSGHBO0AE A i xture vas
Phe except | oSto Pkttt S alFamB ACH BAtrol  and’11.8 ko of bi spheno
e ot as. SEp SATes hehos akoslen: (b GaEXREIOUI WAS Hcaried owbapt dhe of
suppl ylngeétE:% o. éltj;%lgingrtﬁgar;lgc(tjurienprse:)glped( i%)oétg) (%t8~1l)oa't38.lé% Iig ? I|"II' iinnssté:; OclJf o
the mixture produced in step (1-1) and supplying 4,4'-methylenedianiline at 0.59 kg /
hr to the reactor 202.
As a result of analyzing the solution following the reaction by gas
chromatography, 4,4'-methylenedianiline was not detected.
Step (18-3): Production of Isocyanate by Thermal Decomposition of Carbamic
Acid Ester
The same method as step (13-3) of Example 13 was carried out with the
exception of supplying the mixture recovered in step (18-2) instead of the mixture
recovered in step (13-2) to the thin film distillation apparatus 401 at 180°C and at a
rate of 2.10 kg / hr, condensing gas distilled from the top of the continuous multistage
distillation column 412 in condenser 408 via a line 64, continuously extracting from a
line 65 at a rate of about 107 g / hr and recovering in storage tank 409. The liquid
extracted from the line 65 was a solution containing about 99.8% by weight of
4,4'-diphenylmethane diisocyanate, and the yield based on 4,4'-methylenedianiline
was about 63%.

Step (18-4): Recovery of Aromatic Hydroxy Compound

The same method as step (13-4) of Example 13 was carried out with the
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the m xture produced in step (1-1) and supplying 4,4 -nethyl enedi aniline at
0.62 kg I hr instead of hexanethylene diam ne to the reactor 202. As a
result of analyzing the solution follow ng the reaction by gas

chromat ogr aphy, 4, 4'-nethyl enedi aniline was not detected. Step (20-3):

Pr oduct | f | socyanate, by Thernmal Deconposition of Carbamc Acid Ester
The rea%’?‘%?ﬁo ”@é}gr ﬂ?'@g'%ﬁ\iq Phase gompongptiesoverad inestep 18-S ivdlead of tHe 5.
122 A thin f'hl mdistillation apparatus 501 (Kobel co Eco- Sol utions Co.,

Ltd., J9yighphasacompanent secavsned in Btu;agetéﬁcéoaﬁﬂ%t? (18-3),'Ehd'@Sdiffned tO

2000C, and the internal pressure was set to about 13 kPa. The m xture

r ecover@taining: Aol @%bl welght o bisplend| 20was reesverea o Laink aﬁg‘i’gte )
a rat e

supplied to the top of the thin film distillation apparatus

of abowaf a@200440/g M. via a line Al. A portion of a |iquid phase conponent
extracted fromthe bottomof the thin filmdistillation apparatus 501 was
circul §o¢89jto the top of the thin filmdistillation apparatus 501 via a
line A3 and a line A4. On the other hand, a gaseous phase conponent was
extractEs@nplemga |ine A2. In addition, the liquid phase conponent not
circulated to the thin filmdistillation apparatus 501 was extracted into

a storage ta _q¥- aseous se copnponent extracted via the line A2
fromthe thi %ﬁ’r’ ?fng 1?5?'2&%‘?1#%{%9? Yre of dromatio Rolyearbonateuand Arentatio t he
i nter mFS,i e of, a continuous nmultistage distillation colum 502
havi ng H%’ﬁ’n@b%"é\'ﬁgter of about 5 cm and a columm length of 2 m and
packed with Di.xon packing (dianmeter: 6 nmm) to carry out distillative

separ at i on’bfMXEe Pas Arepanedsby camingout theesamo unkiid b@aéteprﬁq‘%'LB‘Fd for
di sti ImEative separation was supplied by circulating the liquid in the

bot t onFXBMPleVd wdthuthe eixception af | using A75.3rkG @ rz;h;ﬁilt-ﬁmﬁgﬁemﬁr‘ﬁgﬁ% iog ol urm

tenperature in the bottom of the continuous nmultistage disti

502 wad-tagtidphemal, and usinget®:41kg oftbidptrioPA RlyddiBofiklm was about 1.3 kPa.
A gaseous phase conponent -
Step (19-2): Production of Carbamic Acid Ester
The same method as step (1-2) of Example 1 was carried out with the
exception of supplying the mixture prepared in step (19-1) at 8.92 kg / hr instead of
the mixture produced in step (1-1) and supplying 4,4-methylenedianiline at 0 59 kg /
hr to the reactor 202.
As a result of analyzing the solution foliowing the reaction by gas
chromatography, 4,4'-methylenedianiline was not detected.
Step (19-3): Production of Isocyanate by Thermai Decomposition of Carbamic
Acid Ester
The same method as step (13-3) of Example 13 was carried out with the
exception of supplying the mixture recovered in step (19-2) instead of the mixture
recovered in step (13-2) to the thin film distillation apparatus 401 at 180°C and at a
rate of 1.98 kg / hr, condensing gas distilied from the top of the continuous multistage

distillation column 412 in condenser 408 via a line 64, continuously extracting from a

line 65 at a rate of about 104 g / hr and recovering in storage tank 409. The liquid
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of the gas distilled fromthe top of the continuous nultistage distillation
colum 502 was extracted via a line A5, and after condensing in a
condenser 503, was continuously extracted into a storage tank 504 via a

| ine A6. The solution obtained in storage tank 504 contai ned about 99% by
wei ght of 4-t-octyl phenol. The |iquid phase conponent extracted into

st or ageeXtEasted fromelbes [ipg| 6% was aa solutioni cortaining|abiott 8% dyi weightoof
colum 508 via a line AL0. The continuous nultistage distillation columm
508 wast.d-diphenylmeibanedisecyanate, andl thet yield basednon 428-nethilenedianilimeer

di anmeter of about 5 cmand a colum length of 2 mand packed with D xon
packi ngvédsiaboet 88%. 6 nm), and distillative separation of the |iquid phase
conponent supplied fromstorage tank 507 was carried out with this

di stillation gtepl(4oia): gg%@@whr%aﬂgwdfmbﬁﬁ,%a distillative

separation was supplie circulating e bottom of the colum

h h |- : . o
Lﬁ[ Comof t HRE e éﬂgtg@dééﬁ?%*hﬁéﬁﬁz of ?%éb#%ﬁ“’éo\‘lﬁﬂi’@é@%@:@&%%?ﬁ and
. 0..5 kP i gui
componacehiefor iSfioBR Bl Miads ot RokSR: RBRUref R st 11 nsPadpbthe°®
distillatipn colum 508 provided,at a |ocation |lower than a |line Al0 and
suppl i dBuihPadSE. GRMAGTENE reRavered il siomas kA6 iN stan s 8h sindra solution
continuous multistage distillation colum 513 was a continuous nultistage

di sti | 1SOYRINGARAE 9956 bM yeiaht of hisphrnal# was regcovered from artinerfi0 ata wate

| ength of 2 m and ’packed wi th D xon packing (dianmeter: 6 nm, and

di sti | lof@beut 38par/hri on of the |iquid phase conponent extracted fromthe
continuous nmultistage distillation colum 508 was carried out with this
distill[@i8@n colum. Gas distilled fromthe top of the continuous

mul tistage distillation colum 513 was condensed in a condenser 514 via a
| i ne AExammple@ontinuously extracted froma line Al8 at a rate of about 81
g/ hr and recovered in a storage tank 515. Liquid extracted fromthe line

Qilgs\ggiagatsg{sa%ﬂ% gﬂ?-ﬁgﬁi;fégyggg%@gg Wixtira ‘o Wrotfali8 Bolfarboftate’ bR A¥EREN 2"
Hydroxy Compound
A mixture was prepared by carrying out the same method as step (1-1) of
Example 1 with the exception of using 29.5 kg of 4-t-octylphenol and 11.8 kg of
bisphenol A polycarbonate.
Step (20-2): Production of Carbamic Acid Ester
The same method as step (1-2) of Example 1 was carried out with the
exception of supplying the mixture prepared in step (20-1) at 10.3 kg / hr instead of
the mixture produced in step (1-1) and supplying 4,4'-methylenedianiline at 0.62 kg /
hr instead of hexamethylene diamine to the reactor 202.
As a result of analyzing the solution following the reaction by gas
chromatography, 4,4"-methylenedianiline was hot detected.
Step (20-3): Production of Isocyanate by Thermal Decomposition of Carbamic

Acid Ester

The reaction was carried out using an apparatus like that shown in FIG. 5.
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4, 4" -met hyl enedi ani | i ne was about 52% Step (20-4) Recovery of Aromatic
Hydr oxy Conpound An apparatus was used |li ke that showmn in FIG 6. The
| i qui d phase conponent recovered in storage tank 512 in step (20-3) was
continuously fed through a line Bl to an internedi ate stage of a continuous

mul tistage o§ si.11d.ati.op gol um 601 having an inner dianeter of about 5 cm
and a col u%]ﬁf"ér@f"hd'ﬁﬁuag'% appargtisel1 \K%PQGDWEQDWO@ Cai, alctdt, etapam) M)
to carrﬁﬁo.ut a%ﬁ% separative distillation of the Iiquid phase conmponent.

The anolfAYNGf t-Gongurctiea surtacedarss of 411 e’ segs heiateth HEE0PPAAE theY
circulating a portion of the liquid in the bottomof the columm through a

line B3IMAiMah Presseire vasseeat toTakolti tBikPa. eMey AIXUR: rédovehied lir Qtirdgé tahioe
bottom of continuous nultistage distillation colum 601 was ZOOC(, ang t he

pr essur 803intstept (20-2) was heatedar 2804 dnd’ skiBBiied'tb 1Al floPBAESs SAPRREN

was extracted froma line B7 of the continuous nultistage

oL i o T MG LA SR

a continuous nultistage distillation colum
phase ¢ NBidses uthy 0 Nk, tistage distil|ation colum
606 waansug%a?g% ed by %‘lﬂget'?tl Fg{a}i;%tﬁaw¥ﬂf) ﬁyﬁﬁgs Bﬁhg‘ﬂ Iq?a eoﬁﬁ'ﬂoﬁliﬂnd'sif"@t“?ﬂ qui d
t enper aip. R OTN bottqm of, continuous nultistage
i ot et SO wasHclighdd boifhe Bl The b i dstition aspespivaistioriamn was
0.5 kPa: L.t Ll)led , fromthe top of continuous nultistage distillation
col umqgﬁgﬁ\?aghgoﬂd%&'i n85 nl%r?@g‘?fsa?m@soﬁ 9Rgeous iphassscamponent wasous| y
extract into.a storage _tank 608 via a |line B9 at a rate of about 310 g /
roLi , @ ligaiduphase compoaent ngt 6i te y
h - laacgg(cf from adine | i addiliona ¢he, ligaiduph ent Pcukate89 b
wei ght Rf ﬁ)_i sphenol A. [0161] Exanple 21 Step (21-1): Preparation of
M xt ur dNethig, istillationapparatus 58 1amals betragtedinto a storage tank 507.
The gaseous phase component extracted via the line A2 from the thin film
distillation apparatus 501 was continuously fed to the intermediate stage of a
continuous multistage distillation column 502 having an inner diameter of about 5 cm
and a column iength of 2 m and packed with Dixon packing (diameter: 6 mm) to carry
out distillative separation of the gaseous phase component. The amount of heat
required for distillative separation was supplied by circuiating the liquid in the bottom
of the column through a line A7 and a reboiler 505, The liquid temperature in the
bottom of the continuous multistage distillation column 502 was 230°C, and the
pressure at the top of the column was about 1.3 kPa. A gaseous phase component
of the gas distilled from the top of the continuous multistage distillation column 502
was extracted via a line A5, and after condensing in a condenser 503, was
continuously extracted into a storage tank 504 via a line A6. The solution obtained
in storage tank 504 contained about 99% by weight of 4-t-octylphenol.
The liquid phase component extracted into storage tank 507 was supplied to a

continuous multistage distillation column 508 via a line A10. The continuous

multistage distillation column 508 was a continuous multistage distillation column
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Chloride Solution A m xture was prepared by carrying out the sanme nethod as
step (1-1) of Exanple 1 with the exception of using 9.36 kg of nethylene
chl oride (Wako Pure Chem cal Industries, Ltd., Japan) instead of

4-t-octyl phenol, using 7.26 kg of bisphenol A polycarbonate, and hol di ng
at 30C iF' the reactor, 102. St eg (21-2): Production of Carbam cAcid Ester
The reacl8YNI@ [IRer diameter ofabaut 8xm apd@ colummmlengithe ofi8dn andspagkediwith of
125 Exanple 1 was carried out with the exception of supplying the m xture
pr epar ed XN pasking? (diameder: 46 18MYg andhdistiltaties seplaration wf xther tiquidoghass! i n
step (1-1) and supplying hexanethylene diamne at 0.24 kg / hr to the

react or QOPPoAentasuppligd frdm astatage tank IBO7S Wad caRidd ldud Wit thiRe distifilidren
by gas chromatography, hexanet hyl ene di am ne was not detected. Step

(21-3): évlacinct iKhe @mdumcofaneste ré?hif@defdfﬁbiswgébéﬂa%ng\ga%@&%ﬁ lg;ﬁ‘gi d

Ester The sane nethod as step (1-3) of Exanple 1 was carri

except | opralapRy XN theDaHtoh BF thé BRRIE MrolBnss fhe (&1 gbggzﬂ?%tfgg@r FqLhe

m xture recovered in step (1-2) to't m | 5
301 at 3 ‘ 0f / ndensi ng..gas distilled fromthe
top of ¢ hoe i ¥erprahf lt‘ﬁé't‘%tg’g%tﬁ} of F'i‘? Hﬁﬁéﬁia%%lcﬁﬂgi'ﬁ? Ftlehan seisos
via a li nuo extracti roma. |ine at a rate of abou
11T g 1 B e PR ARIG pRessuie gt W oD s e ealimnguas: about 06 ke f Aom
the |i ne'{ﬂﬁ%%%ﬁgﬁ%’m ution %éﬂgéga fgqbrguat)a%aag]b%ﬁgi ght}mof it

hexanet h E@Pa‘ﬂﬁ'@, i e o eentinuosisemultistagee
was abo tm%i_% Step (21-4): Recovery of Aromatic Hydroxy Conpound An
appar at UStldion<iumni&08 peavidacoaia ilecatioa. lower then adime A0 hnd supplied to @l- 4)

of Exanple 1 was carried out with the

continuous muitistage distillation column 513. The continuous multistage distillation
column 513 was a continuous multistage distillation column having an inner diameter
of about 5 cm and column length of 2 m and packed with Dixon packing (diameter: 6
mm), and distillative separation of the liquid phase component extracted from the
continuous multistage distillation column 508 was carried out with this distillation
column. Gas distilled from the top of the continuous multistage distillation column
513 was condensed in a condenser 514 via a line A17 and continuously extracted
from a line A18 at a rate of about 81 g / hr and recovered in a storage tank 515.

Liquid extracted from the line A18 was a solution containing about 99% by
weight of 4,4-diphenylmethane diisocyanate, and the yield based on
4,4'-methylenedianiline was about 52%.

Step (20-4) Recovery of Aromatic Hydroxy Compound

An apparatus was used like that shown in FIG. 6.

The liquid phase component recovered in storage tank 512 in step (20-3) was
continuously fed through a line B1 to an intermediate stage of a continuous

multistage distillation column 601 having an inner diameter of about 5 cm and a

column length of 2 m and packed with Dixon packing (diameter: 6 mm) to carry out
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exception of using the |iquid phase conponent recovered in step (21-3)

I nstead of the 1iquid phase conponent recovered in storage tank 307 in
step (1-3), and a liquid containing about 99% by wei ght of bisphenol A was
recovered froma line 50 at a rate of about 358 g / hr. [0162] Exanple 22
Step (Zzléﬁl!) " Prep,?\r ation of Mxture of Aromatic Pol ycarbonate and Aromatic
126 Hy®R 9t"€§)|ﬁ’ﬁﬁ5ﬂﬁﬁ°m%t5@ WekidpRase epmpspepy; cHie gmaunt of heat reaweedret hod
as step (1-1) of Exanple |I with the exception of using 14.0 kg of

4- t - ocloy| gintiliative sseparstiony was supplied bybtispiating asppdiopcal Hendiquid B 8
(22-2): Production of Carbam c Acid Ester A reaction was carried out using
an appbotiomsofl theecdiiman thlough alinBl B3 and dneboilext60de Theplioudd tempetatorg 22- 1)
was supplied froma storage tank 701 to a baffled SUS reactor 703 at a

rate ogf gediguidirPthekiSottorhi'of \ContiRubii mutistigd Qistilthlidie cBMIt60% Wrhs 2000C

hexanet hyl ene di am ne was supplied froma Storage tank 702 to the reactor

703 Vi gndthe Prossaretht ﬁaertég%f%ltﬂ'ﬁl?w?;’aﬁut@%wﬁr : ﬁl@% Pgéﬁ% CoRfpoRBAt Y21 N9

the solution followng the reaction I qul chr

ooy aua¥ S '%‘??#é*ﬁ %’B@%E@%ﬁﬁ*@ﬁ%ﬁif@&%ﬁl@:‘gﬁ% 3%‘%&@& Sl 1y, B
reacti on s, cartied out usjn n.a atu | ke at shown in ElIG 7. The
BloviEd A58 loctinBlowt o Ho e Rl fand syealed ©5 aénfiiousmulistacs’
rsg(?u::gtg 0. 1.3 liPa. A seous phase corr’:)oneEt was extracted froma line V\Clgs
and tH :@h%@%&@%&%mﬁ7ms continuously fed to an internediate

stage o

14

The liquid phase component supplied to the continuous multistage distillation
column 606 was separated by distillation with this distillation column. The liquid
temperature of the liquid in the bottom of continuous multistage distiliation column
606 was 240°C and the pressure at the top of column was 0.5 kPa. Gas distilled
from the top of continuous multistage distillation column 606 was condensed in a
condenser 607 via a line B8 and continuously extracted into a storage tank 608 via a
line B9 at a rate of about 310 g / hr. Liquid extracted from line B9 was a solution
containing about 99% by weight of bisphenol A.

[0161]
Example 21

Step (21-1): Preparation of Mixture of Aromatic Polycarbonate and Methylene
Chloride Solution

A mixture was prepared by carrying out the same methed as step (1-1) of
Example 1 with the exception of using 9.36 kg of methylene chloride (Wako Pure
Chemical Industries, Ltd., Japan) instead of 4-t-octylphenol, using 7.26 kg of
bisphenol A polycarbonate, and holding at 30°C in the reactor 102.

Step (21-2): Production of Carbamic Acid Ester

The reactor 202 was maintained at 35°C, and the same method as step (1-2) of
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a continuous nultistage distillation colum 704 having an inner dianeter of
about 5 cmand a colum length of 2 mand packed with D xon packing
(diameter: 6 mm) to carry out distillative separation. The anount of heat
required for distillative separation was supplied by circulating the
liquid ipthe bqottomof .the colum via a |ine C6 and a reboiler 706. The
liquid t EH’B@P&R 3r\!;fa§t°am%d E’HE the exeention ohauprplyinguthe mixigre prepeired @ i on
col um 704 s, 150C and the pressure at the top of the colum was about 15
Pa.  CasSOPsEZA-TRt4.36 kao /1 dy instead: of dhei miduse producedaire stk {1-1) and
distillation colum 704 was condensed in a condenser 705 via a line C4 and

cont i nuotkpplyipgthexameathyleoendiarhinecat@@24kga 4 ahetootheadastor203. g / hr. The
solution extracted fromthe Iine C5 was a sol ution contai ni ng about 99% by

wei ght of  hAsaret lesulineofdisraheimnatie @éldtiéﬁefdiowiﬁgggfé?d%itsﬁx tdhg ene
(0} I C r

di am ne was about 67% Step (22-4): Recovery of Ar oxy ound

The | i quelsro a‘mweﬂhmeﬁbe&a%g%gﬁid%W%%ed fromthe bottom of

the reactor 703 to a continuous mu tion colum 707 via a

i C18. Th hgbh! ' : ' | £.1 .
i sti i ation carbne! iy iaictsh o fedcyandfiZod rhgiha(l8emBbshian of Eaceami,
| engt h OAgj BBt d packed with D xon packing (dianeter: 6 mm, and

distillative separation of the Iiquid phase conponent was carried out with
this disti I@éi on colum. The anount of heat required for distillative
separ ati on wase stPFi mﬁﬁ?fir@§ Sigrt(1n?) ohcExampled 1 washsamiad @utowith hthe
colum via a.line Cll and a reboiler 709. The liquid tenperature at the

bot t om i*XCePHEN Ar3urpbang thel miduregeecovetad irastepn (2bR)inst@ad ofcthe 265Girend
the pressure at the top of the colum was about 1.5 kPa. Gas distilled

from t hdeceyered inistep (h2) tathesthimfilm idistitgtiord apparldtas BON at B5e0 a3t Xadte
condensed in a condenser 708 via a line C9 and continuously extracted into

a storagd 166k g7/ hr,viandenisime g&8 Wistliled HEAP ¢ top o GRY TRinLBuS hRumbRgage
tank 714 was 4-t-octyl phenol. On the other hand, a portion
distillation column 312 in condenser 308 via a line 34, continuously extracting from a
line 35 at a rate of about 111 g / hr and recovering in storage tank 309. The liquid
extracted from the line 35 was a solution containing about 99.8% by weight of
hexamethylene diisocyanate, and the yield based on hexamethylene diamine was
about 82%.
Step (21-4): Recovery of Aromatic Hydroxy Compound
~ An apparatus was used like that shown in FIG. 4.
The same method as step (1-4) of Example 1 was carried out with the
exception of using the liquid phase component recovered in step (21-3) instead of the

liguid phase component recovered in storage tank 307 in step (1-3), and a liquid

containing about 99% by weight of bisphenol A was recovered from a line 50 at a rate

of about 358 g / hr.
[0162]

Example 22

Step (22-1): Preparation of Mixture of Aromatic Polycarbonate and Aromatic
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of the liquid phase conponent of the continuous nultistage distillation
colum 707 was supplied to a continuous nultistage distillation colum 710
froma line Cl1 via a line Cl3. The distillation colum 710 was a
continuous nultistage distillation colum having an inner dianeter of

about 5 ¢m and colum length of 2 mand packed with D xon packing

(di amet eFYd®XyomaaEndi stil | ative separation of the |iquid phase

conponent was carried out with this distillation colum. The anount of heat
requi red for Admixture avas, preparedaby wamying supthe esharbg roethod asistgpl (1gt) of i n
the bottomof 128 the colum via a |line Cl16 and reboiler 713. The liquid

t enper at bExample 1 ivdthothiet exveptiontof &isingn14.0uquef 4rtlochdpieerol dindtudihgtt 0@ kg of uMm
710 was 250C and the pressure at the top of the columm was about 0.5 kPa.

Gas di st bishRéndlr@polbardopatef the continuous nultistage distillation
colum 710 was condensed in a condenser 711 via a line Cl4, and

conti nuously p;a(?g_ '.P??tﬂl ion LB ; la a line Cl15. The conpound
recovered in fﬁgs o?‘gge an@oélcg vvasagﬁgl}éﬁ@rlléd?t&k [0163] Exanple 23 Step
(23-1): Prod LOg ' L« t 2.9.0

pol y( bi sphené%a‘g@%r%'g%agﬁéq ﬁ@ﬁ#‘ﬂﬂ%&%aﬁ{g@ﬂ%&v@%ﬁwﬁm gb% 7"rml ecul ar
wei ght: 64,0 (cat al og val u an 8 of nethyl ene chloride r

placed in a 383@1%”9\@?9@{“‘629)?tﬁgq?é‘rﬁ]"g?s §”E®|@5’y ﬁﬂ%lsﬁﬁfégﬁitﬁnl\fl\ggﬁ-tﬁﬁut h
flask to gni \%Jwas attached a Dinroth condenser, dropping funnel and

t hr ee- wabafied\RUSreactaRP3H3t arate phgbewt 6,080ka & i vimadine R 1 withialing £%f
11.6 g (0.10 nmol) of hexanethyl ene diam ne and 30 g of nethyl ene chloride
wer e pl adleged.nand hexamgihylgnesdiamine avas stippliets froen af stonage danikt i762 toethes|
was replaced with nitrogen. The reaction vessel was imersed in a water

bat h adj esictar 403 via@ linedC2 atiaxtate of about®32@kgt/thl ene di ami ne and chl orof orm
were dropped into the reaction vessel over the course of about 1 hour.

Fol | owi ng coppl et iresultf ofir analyriag the Bbktiohe foiswing the reaction by liquid
chromatography, hexamethylene diamine was not detected.
Step (22-3): Production of Isocyanate by Thermal Decomposition of Carbamic
Acid Ester
Subsequently, a reaction was carried out using an apparatus like that shown in
FIG. 7.
The SUS reactor 703 was heated to 220°C and the pressure inside the reactor
was reduced to 1.3 kPa. A gaseous phase component was extracted from a line C3,
and the gaseous phase component was continuously fed to an intermediate stage of
a continuous multistage distillation column 704 having an inner diameter of about 5
cm and a column length of 2 m and packed with Dixon packing (diameter: 6 mm) to
carry out distillative separation. The amount of heat required for distillative
separation was supplied by circuiating the liquid in the bottom of the column via a line
C6 and a reboiler 706. The liquid temperature at the bottom of the continuous

multistage distillation column 704 was 150°C and the pressure at the top of the

column was about 15 kPa. Gas distilled from the top of the continuous multistage
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stirred for about 4 hours. Wen a portion of the resulting m xed sol ution
was sanpled and subjected to 1H and 13C NWR anal yses, the product was
confirmed to be a carbamic acid ester conpound as shown FIG 8 and FIG 9.
Step (23-2): Production of Isocyanate by Thermal Deconposition of Carbam c
Acid Estéﬁr_é,vacuum punp and a vacuum controller were attached to a

mol ecul Shstiligtion; colymny { 04p wasa coadensak in \&- caslenspp 105 Sig entlingi €4 and
Technol ogy Ltd., Japan) 129 having a jacketed heating unit using oil

ci r cul atgobiinuausly textrasted;fom @eling Ghat aaraterof aboitr363 ¢/ s Thasehition t o
a nitrogen gas line. The inside of the nolecular distillation apparatus

vas replexradted tfromitheofiee @8dwabeahsolitioy conitainiis aboat Gb%oby 208Gt dF
sol ution was then prepared by m xi ng 405 g of the m xture containing

car banm hexahtbtegens dli%ﬂi@?amﬂe,ohhai thedyielt 54388 dh heﬁﬁﬁlelilﬁﬁeﬁb HiarPFiRZ Was

butyl phthal ate (guaranteed reagent,” WAko Pure Chem cal ‘I ndustries, Ltd.,
Japan) . gbaat e7osi de of the nolecular distillation apparatus was reduced to
1.3 kPa, and the slurry was charged into the nolecular distillation

appar atus at . L - ' otating the w per of the
nol ecul ar di sﬁtéﬁghfgi @%%Q?BEAQQH%&HQH% ¢‘HhPPUn hermal |y deconpose
the polycarbgm ¢ acid ester co und, 1 of a thernpal deconposition
product  wer gﬂlﬁ)ﬁ%'ﬁéﬂ’aﬁﬁ o W steé’céz\%%f‘.”aﬁss”aﬁ’pp%@ l%la"-’!"" the batopgithe
chl orof orm was,.recovered in the | ow boiling point trap, a mxture

cont ai nifARCAr §9ﬁéﬁo¢ coﬂt'ﬁﬂ‘ép%m%ta%%t“baﬁﬂM'@W?é%eﬂ%@dMQerIBJ nThae
feedback receiver, and the liquid obtained in the sanple receiver

cont ai n&iptillgtien wlumnek@fwas lae sentinucusc yultistage distillation golahth basiag an
hexanet hyl ene di am ne was 70% Step (23-3): Recovery of Aromatic Hydroxy

Conpoundrirediameten of abotuthbrémeand spbelamin IBngtiv ob @y andysadkeghivith | Biken
obtained in the feedback receiver in step (23-2) was heated to 280C and

chn geckagicu e Sy 4wt spanf BB e
was carried out with this distillation column. The amount of heat required for
distillative separation was supplied by circulating the liquid in the bottom of the
column via a line C11 and a reboiler 709. The liquid temperature at the bottom of
the continuous multistage distillation column 707 was 200°C and the pressure at the
top of the column was about 1.5 kPa. Gas distilled from the top of the continuous
multistage distillation column 707 was condensed in a condenser 708 via a line C9
and continuously extracted into a storage tank 714 via a line C10. The compound
recovered in the storage tank 714 was 4-t-octylphenol. On the other hand, a portion
of the liquid phase component of the continuous multistage distillation column 707
was supplied to a continuous muitistage distillation column 710 from a line C11 via a
line C13. The distillation column 710 was a continuous multistage distillation column
having an inner diameter of about 5 cm and a column length of 2 m and packed with
Dixon packing (diameter: 8 mm), and distillative separation of the liquid phase

component was carried out with this distillation column. The amount of heat

required for distillative separation was supplied by circulating liquid in the bottom of
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rate of about 10 g / mn after reducing the pressure inside the apparatus
to 0.13 kPa followed by distilling off the benzyl butyl phthal ate. About
200 nmL of toluene were then added to the resulting liquid phase conponent
while heating, and after filtering out the precipitating conponent, the

t ol uene ﬁﬁ%ution was allowed to stand_ undisturbed until it reached room
t enper at Hgecolymn ya & ing CIB-and rebailer 7 1der dherliquid iesapenatureattharhettom of
portion of the crystals were sanpled and subjected to 'H and 13C NWR

anal ysi sthe: eentinupus anultistage distillationocalomina? 10 was 25030 aiy the porasued at 159
bi sphenol A [0164] Conparative Exanple 1 Step (A-1): Preparation of

M xture top of heacdlomPoivasatimand.® kival Abasrdistiled o aky 160 1 Abe Goftintiglis!r €
was prepared using an apparatus like that showmn in FIG 1. 11.1 kg of

mol ten Amuitistdge dlstinatiornesienii 218 WRlY 66hderR@dShY assddmsdr 749 1via & likd e139e
tank 102 heated to 250C after replacing the inside of the tank with

ni tr ogenandichhtifublish ekfrabledSith a%t&%aéiegcu k PA5 Qrbgﬁﬁinéégﬁgg%ﬁﬂéebﬁméﬁuar}dge q

(Aldrich Corp. USA, ~wel ght average ar we
froma h BkOﬂ r firred. After confirmng that
t he bi sp%gﬁg%r 'pothgtcsgorr%gﬁé?@ﬁz;é%ﬁggﬁ%ﬂ?’?‘I I ne 12 was opened and the
m xture m§ ransferred to storage tank 103. Step (A-2): Reaction of
Aromatic Isi/car bonat e and Am ne Conpound A reaction was carried out using
an apparatus |i that shown in FIG 2. The m xture produced in step (A-1)
was suppF{ P storage tank 103 via a line 21 to baffled SUS reactor
202 held at about 150 after replacing the inside of the reactor with
nitrogen at a $apd28f1)aPoslucion of CatbamicAtidrizstegCompxeund Tri but yl ani ne
(Aldrich Corp., USA) was supplied fromstorage tank 201 via a line 22 to
the reactor 1342 gtofapoly(bisptienscatbdtaté) (Aldrich Comp. hUSA, akight averagear t
of addition, the line 23
molecular weight: 64,000 (catalog value)) and 280 g of methylene chloride were
placed in a reaction vessel in the form of a 1000 mL volumetric four-mouth flask to
which was attached a Dimroth condenser, dropping funnel and three-way valve
followed by stirring to prepare a solution. A mixture of 11.6 g (0.10 mol) of
hexamethylene diamine and 30 g of methylene chioride were placed in the dropping
funnel and the inside of the reaction vessel was repilaced with nitrogen. The
reaction vessel was immersed in a water bath adjusted to 10°C and a mixture of
hexamethylene diamine and chloroform were dropped into the reaction vessel over
the course of about 1 hour. Following completion of dropping, the mixture was
stirred for about 4 hours. When a portion of the resulting mixed solution was
sampled and subjected to 'H- and "*C-NMR analyses, the product was confirmed to
be a carbamic acid ester compound as shown FIG. 8 and FIG. 9.
Step (23-2): Production of Isocyanate by Thermal Decomposition of Carbamic
Acid Ester

A vacuum pump and a vacuum controller were attached to a molecular

distillation apparatus (Model MS-300, Sibata Scientific Technology Ltd., Japan)
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was opened and the reaction liquid was transferred to storage tank 203 via
the line 23. Step (A-3): Recovery of Am ne Conpound An apparatus was used
like that shown in FIG 3. Thin filmdistillation apparatus 301 (Kobel co
Eco- Sol utions Co., Ltd., Japan) having a heat-conducting surface area of
0.1 n2 was heated to 220C, and an _internal pressure was set, to about 13
kPa. TiRVIRG & jacketedhaatingunitusing Qilyarquigtion, aad thepyrge dingpf the yacuym
heated to 150C and supplied to the top of the thin film distillation
appar ateniraier was sconnested tabaunitrogeo gasg line.vi Zha inside ®f.the maletwaphase
conponent was extracted froma line 32 fromthe bottomof the thin film

di sti | distiliation agppratisuwasGéplacdd ovitic nitadgen aed thee heating unitheas hieatdd ton
distillation apparatus 301 via a |ine 36. The |iquid phase conponent not

Ci T oUl 200 0 [doMutighl Wal! dhBndpfipadd'byOMixingeIS g6 3 niRfure A | 1

storage tank 307. A gaseous phase conponent  was extracted froma line 33

from LEobitie do BeflrsedhbBhnd ARl ShU xR aRUPRIG o bBnefnbithous

mul ti stage distillation colum 3 he gaseOus phase coffponent ‘extracted

cont i ierepelefe fdylRed Feddiinh. [al®. PO Chenbar BanBRET T, JoRaNE Tne
cor umiB ARG Mgtk 1 hEn ShAskAde oS aferble A KRecahdindRfurd,

carry out distjllative separation of the gaseous phase conponent. The
anountWa$ charged ipkq the mglecylar diskliation appar %Eﬁﬁt atrafﬁnotiaéolﬁg Vinaip while
circulating the liquid in the bottom of the colum through a line 39 and a
r eboi | igtatgustheTwiper pfjthedmolgauwdardistillation apparatystat @vout 300 spmdatthamaly
mul ti stage distillation colum 302 was 150C, and the pressure at the top
of t hedecdrnposerathealpolycatbamidaaciGaestérs taompetiid: omtht gomwfofa theemal
continuous nultistage distillation colum 302 was condensed in a condenser

303 vdecompositiors produehiWers dbtdiied i tHRCsSAple @tebreri NAs 38re80H of analysisgd i n
storage tank 304.
chloroform was recovered in the low boiling point trap, a mixture containing bisphenol
A and benzyl butyi phthalate were recovered in the feedback receiver, and the liquid
obtained in the sample receiver contained about 95% hexamethylene diisocyanate,
and the yield based on hexamethylene diamine was 70%.
Step (23-3): Recovery of Aromatic Hydroxy Compound
The mixture containing bisphenol A and benzyl butyl phthalate obtained in the
feedback receiver in step (23-2) was heated to 280°C and charged into a molecular
distillation apparatus (Model MS-300, Shibata Scientific Technology Ltd., Japan) at a
rate of about 10 g / min after reducing the pressure inside the apparatus to 0.13 kPa
followed by distilling off the benzyl butyl phthalate. About 200 mL of toluene were
then added to the resulting liquid phase component while heating, and after filtering
out the precipitating component, the toluene solution was allowed to stand
undisturbed until it reached room temperature. The precipitated crystals were

filtered out, and when a portion of the crystals were sampled and subjected to "H-

and "*C-NMR analysis, the crystals were found to contain about 99% by weight of
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The liquid extracted fromthe |ine 38 was tributylamne. Step (A-4)
Recovery of Aronmatic Hydroxy Conpound An apparatus was used |ike that
shown in FIG 3. The liquid phase conponent recovered in storage tank 307
in step (A-3) was continuously fed to an internedi ate stage of a

conti nuogﬁpﬁﬁh&;ﬁt age distillation colum 313 having an inner dianeter of
about 5 ‘colum length of 2 mand packed with D xon packing
(diameter,, 6.mM) to carry out separative distillation of the 132 liquid
phase cotpp@ﬂ&nt. The amount of heat required for distillative separation
was supplied by circulating a portion of the liquid in the bottom of the
col urm t kPBIRAatve Exampksiand a reboil er 315. The liquid tenperature of the
liquid in the bottomof continuous nmultistage distillation colum 315 was

180C and t he pBlteps{A-4):alrepaatiorpof eixieed Wﬂmt@gliﬁglﬁ(#ﬁbén%@angaﬁwajﬁ

distilled fromthe top of continuous nultistage tiron colu
was conddydmestyiCorapeanglenser 314 via a line 44 and continuously extracted
into a storage tank 316 via a line 46. A liquid phase conponent was

extracted frAam@gtdre W | | tistage disgillation colum
313 provided at a | ocaﬁﬁ%%%?mgﬁn%#%m?% thﬁfjs B Hé to continuous
mul tistage dipli i I 318. The |iquid phase conponent supplied to
the conti nuo?;g't1 nq(.# '?)ff srﬁglééﬁ)d# EB?W&SWBE WaIs| bﬁﬁﬁfgﬁ'@d iremt steragen tants 164 sto
separ at ISt i ion in that distillation colum. The liquid
t enper afsg?%\égstapke‘lldgfﬁ?@ﬁ#cw 23t Ceafiar replagingrthe insidegef thestank with nitrogenum
318 was 2t 0C @?ﬁd he pressure at the top of the colum was 0.5 kPa. Gas
di sti | | S8 £ B t1keclospd of Stlifekaiaft bisphenal rA qullycab ardtewidien Grp e UISA) a
condenser 319 via a |ine 49 and continuously extracted at a rate of about
50 g / HYeight averagedgelecular vatight: 65:000) were Slfargktciitrt £Kbppst $60 fitahkhe
line 46 was a solution containing about 99% by weight of 4-t-octylphenol.
I'n addi feaetor |102uand estirreak t @ifterr eonfiniing ithet &8 BRBhEnb] AYélycarbonate had

dissolved, line 12 was opened and the mixture was transferred to storage tank 103.

Step (A-2): Reaction of Aromatic Polycarbonate and Amine Compound
A reaction was carried out using an apparatus like that shown in FIG. 2.
The mixture produced in step (A-1) was supplied from storage tank 103 via a

line 21 to baffled SUS reactor 202 held at about 150° after replacing the inside of the

reactor with nitrogen at a rate of 4.08 kg / hr with a line 23 closed. Tributylamine

(Aldrich Corp., USA) was supplied from storage tank 201 via a line 22 to the reactor

202 at a rate of about 0.33 kg / hr.  One hour after the start of addition, the line 23

was opened and the reaction liquid was transferred to storage tank 203 via the line

23.

Step (A-3): Recovery of Amine Compound

An apparatus was used like that shown in FIG. 3.

Thin film distillation apparatus 301 {Kobelco Eco-Solutions Co., Ltd., Japan)
having a heat-conducting surface area of 0.1 m? was heated to 220°C, and an

internal pressure was set to about 13 kPa. The mixture recovered in storage tank
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cont ai ni ng about 99% by wei ght of bisphenol A [0165] The present
application is based on Japanese patent applications filed on Novenber 19,
2007 (Japanese Patent Application Nos. 2007-299497, 2007-299504 and
2007-299703), the contents of which are incorporated herein by reference.
Industrial Applicability 133 [0166 A carbam c acid ester obtained with

t he pr%%‘gs!@ giepotehgvas mﬁl@%ﬁ@s °Ceapdasurplied to thertepaefi theathin filw
material for producing isocyanate wi thout using extrenely toxic phosgene,
and i sédistiiationcapnparatuse30hvat B rateeohabeetstH50tgdidivig atline Bt Adiguishphase
enbodi ment can be preferably used as a production raw material of

pol yuretsmporeiitowas gxitiactext fraghadinec82 framtthe bottom of thadiint filon distillatidre nt
aromati ¢ hydroxy compounds obtained with the process according to the

pr esenspparatdl 3¢Nhnd Girtulted ety @Rl of tHe eRindlimidisfllttionUppartusel el vials of
aromati c pol ycarbonates. The process according to the present enbodi nent

al so dgE B8 af ks Ik{‘tﬁd et cﬂﬁmpoﬁnﬁﬁf“rﬁﬁ" cifﬁéeﬁhi B thé i Firh Ristillation

pol ycarbonates. On the 'basis of the above, process accordl ng

R e e
o O IR AT S o R A TSNS T A B L
D g S oS0l U, T gogont 2 ning @ carbam ¢ acid ester

fromthe aromatic
The gaseous phase component extracted via the line 33 from the thin film

distillation apparatus 301 was continuously fed to an intermediate stage of the
continuous multistage distillation column 302 having an inner diameter of about 5 cm
and a column length of 2 m and packed with Dixon packing (diameter: 6 mm) to carry
out distillative separation of the gaseous phase component. The amount of heat
required for distillative separation was supplied by circulating the liquid in the bottom
of the column through a line 39 and a reboiler 305. The liquid temperature in the
bottom of the continuous muitistage distillation column 302 was 150°C, and the
pressure at the top of the column was about 2.6 kPa. Gas distilled from the top of
the continuous multistage distillation column 302 was condensed in a condenser 303
via a line 37, continuously extracted from a line 38 and recovered in storage tank 304.
The liquid extracted from the line 38 was tributylamine.
Step (A-4) Recovery of Aromatic Hydroxy Compound

An apparatus was used like that shown in FIG. 3.

The liquid phase component recovered in storage tank 307 in step (A-3) was
continuously fed to an intermediate stage of a continuous multistage distillation
column 313 having an inner diameter of about 5 cm and a column length of 2 m and

packed with Dixon packing (diameter: 6 mm) to carry out separative distillation of the
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pol ycar bonat e; and subjecting the carbamc acid ester to a thernal
deconposition reaction to obtain the divalent aromatic hydroxy conpound
and the isocyanate conpound. 2. The process according to Claim1l, wherein
the reaction between the aromatic polycarbonate resin and the am ne
conpound is carried out in the presence of a nonoval ent aromatic hydroxy
conpound ligyid-phase-eoraporenty e dihe amoyntofheataequired feradiatilative Gepanativrowas,
wherein the reaction between the aromatic polycarbonate resin and the

ani ne cosppplird by cirguldting @ portion ofithealiqeidcia thef battamtofthe tecolumn Throughoaess
according to any one of Clains 1 to 3, wherein the thermal deconposition

reactionliné 45 @ndaareboitera8 8. eTherliguid temperstu of ithe tid@id s ehe Sodon? of
catalyst. 5. The process according to any one of Clains 1 to 4, wherein a

react or eBntinduR muRRtIGR ISR EYRRTh 515 WHLTBOIE aHH't}iEEHngéc}?r gartrtﬁ%iatapa”d

the amne conpound is Carried out differs froma reactor 'us

thermal decompas iv&és"ﬁ@;&?’?.ﬂr RP&! | ehOdistinki ﬁ%ﬁp?ﬁ% ?cgﬁﬁ@‘ gpﬁﬁﬁgég%&ulﬁ&igg%r o

process according to Claim b5, further conprising

cont ai ni ; 1.C [ S tal ned by reacti the aronmati

pol ycar bgg"giigﬁorrg%t ﬁ?ﬁ h'gagn#ﬁide?%ﬁgoﬂhc? t‘%’npﬁgs?%ggﬂoy'%?egn?o?ﬁt find
thermal _degonposition.reaction of the c amc, acid ester. 7. The process
accor di n&o['w"@guél?wgfa%ﬁgfrgpr? &R@Qﬁ ri{éYJﬁtaali"?ﬁ 8 the carbanic acid
ester is transferred while maintaining a tenperature within a range of
from 10C to fsdavidsphase campenantavas rextrasted frap arlinenA8ophithe contiougys
wherein a | ow boiling point conponent fornmed in the thermal deconposition
r eact i onMifitistage «listillatipn cadimn 313 qrovided catoa doeatidn towerhthaneaclire 48nard
form of a gaseous phase conponent, and a

supplied to continuous muttistage distillation column 318,

The liquid phase component supplied to the continuous multistage distillation
column 318 via the line 48 was separated by distillation in that distillation column.
The liquid temperature at the bottom of the continuous multistage distillation column
318 was 240°C and the pressure at the top of the column was 0.5 kPa. Gas distilled
from the top of the distillation column 318 was condensed in a condenser 319 via a
line 49 and continuously eﬁracted at a rate of about 50 g / hr into storage tank 309
via a line 50.

Liquid extracted from the line 46 was a solution containing about 99% by weight
of 4-t-octylphenol. In addition, liquid extracted from the line 50 was a liquid
containing about 99% by weight of bisphenol A.

[0165]

The present application is based on Japanese patent applications filed on

November 19, 2007 (Japanese Patent Application Nos. 2007-299497, 2007-299504

and 2007-299703), the contents of which are incorporated herein by reference.

Industrial Applicability
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i quid phase conponent is recovered froma bottomof the reactor. 9. The
process according to Claim8, wherein the recovery of the gaseous phase
conponent and the recovery of the |iquid phase conponent are carried out
continuously. 10. The process according to Caim8 or 9, wherein the | ow
boi I'i ng Poi conponent is an isocyanate conpound and/or a nonoval ent
aronatic‘ﬁVﬂﬁoxy conpound. 11. The process according to Caim8 or 9,
wherein the |liquid phase conponent contains a divalent aromatic hydroxy
conpound andPocatkarignacidaesier againest with 2 proeess acesnding: dorthienprasentny
one of Clainms 8 to 11, wherein the liquid phase conponent is recycled to a
top of tambodiment isi prefdatiable tbe rdermateriall ésroprodsicingoisotpadte omithaut aming ed
out. 13. The process according to any one of Clains 1 to 12, wherein the

ar omat i CextpampBiatoRi sticsge®! anu Ss@byaaateeomhnézawhﬁ HRé Pro@ssacchfding 16 the
process according to any one of dainms 1 to 13, \/\herel n the am ne ~conpound

IS a conprisant '&AbBRMMIcRY bEep llfé?éll y NiedC*; g f‘&tmchoﬁl réWH%Qtel?‘al( ot)

(wherein Rl represents a group selected from the group conS|st| ng o

al i phati o] LAg 6

B A o R aﬁgﬁfafﬁfﬁéﬁf%on

and oxyggn,atons, and c_nunber_ equal and nr sen

an int eg§¥dr8f(y PPH?R%"\"% (ltg?'"eﬁé”a{'ﬂ'ﬁléﬁ BFQS'@&@%@E@P@!H%@Q present am Wﬁ@i ein

t he am ne ccbrg)oun is a djamne conpound in which nis 2 in formul a (11).
can preferably used as production raw matenals of aromatic polycarbonates.
The process according to the present embodiment also demonstrates the aspect of
chemical recycling of aromatic polycarbonates. On the basis of the above, the

process according to the present invention is extremely industrially useful and has

high commercial value.
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16. The process according to Claim2, wherein a standard boiling point of
the 137 nonoval ent aronmatic hydroxy conpound is | ower than a standard
boiling point of the divalent aromatic hydroxy conmpound. 17. The process
according to Caim2 or 16, wherein the nonoval ent aromatic hydroxy
conpound is an aromati c hydroxy cogound which is represented by the
followng formula (12) and which h IMPeast one substituent R2: OH A R2
(12) (wherein ring A represents an aromatic hydrocarbon ring which has 6
to 20 kb@Wehelaimt ons and whi ch may have a substituent, and the ring A may be
a nonocyclic or heterocyclic ring, and R2 represents an aliphatic group

having 1 td. 2(A peodews furoprddueingad i divalent arembtia yhyarexyp compouadlahd®
carbon atons, an aryl group having 6 to 20 carbon atons, an aryl oxy group

havi ngis6e ghaﬁgcgm dabémimsihg Reatépd ofr oup having 7 to 20 carbon atons
or an aral kyl oxy group havi ng to 2 car bon atons, the above groups

ﬁf;?? ogen AR g bt ﬁ"? ¢ e df%hfr%'rﬁe?&?@?%f’?ﬁ‘%ﬁ j;dls.
T

coﬁpﬁLﬁ@ﬁ%Q@%ﬁﬁﬂé"%{@gart@ bl ﬁm#ﬁee Bl &\*r*%o%"%"rﬁ% i ol 8 dha W
napht HABRRTH ﬁavlﬁqeré%@naéhw%a@eﬁg"s?Sﬁﬁh@B a7 oRIMELeR o e proriatice
conpou &yéaelggggteenta%d by the followng formula (13): (13)

subjecting the carbamic acid ester to a thermal decomposition reaction to obtain

the divalent aromatic hydroxy compound and the isocyanate compound.

2. The process according to Claim 1, wherein the reaction between the
aromatic polycarbonate resin and the amine compound is carried out in the presence

of a monovalent aromatic hydroxy compound as a reaction solvent.

3. The process according to Claim 1 or 2, wherein the reaction between the
aromatic polycarbonate resin and the amine compound is carried out in the absence

of a catalyst.

4. The process according to any one of Claims 1 to 3, wherein the thermal
decomposition reaction of the carbamic acid ester is carried out in the absence of a

catalyst.

5. The process according to any one of Claims 1 to 4, wherein a reactor in
which the reaction between the aromatic polycarbonate resin and the amine

compound is carried out differs from a reactor used for the thermai decomposition
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(wherein R3 represents a group selected fromthe group consisting of
aliphatic groups having 1 to 20 carbon atons and aromatic groups
containing 6 to 20 carbon atons, the above groups contain an atom sel ected
from carbon and oxygen atons, each of R4 and R5 independently represents a
substituent selected fromthe egroup represented by the follow ng fornula

(14): - ofggolign of {he caghamicacideSterand 2 i ndependent |y represents an integer
of 0 or nore). 139
6. The process according to Claim 5, further comprising transferring the
mixture containing the carbamic acid ester obtained by reacting the aromatic

polycarbonate resin with the amine compound to the reactor used for the thermal

decomposition reaction of the carbamic acid ester.

7. The process according to Claim 6, wherein the mixture containing the
carbamic acid ester is transferred while maintaining a temperature within a range of

from 10°C to 180°C.

8. The process according to any one of Claims 1 to 7, wherein a low boiling
point component formed in the thermal decomposition reaction of the carbamic acid
ester is recovered from the reactor in a form of a gaseous phase component, and a

liquid phase component is recovered from a bottom of the reactor.

9. The process according to Claim 8, wherein the recovery of the gaseous
phase component and the recovery of the liquid phase component are carried out

continuously.

10. The process according to Claim 8 or 9, wherein the low boiling point
component is an isocyanate compound and/or a monovalent aromatic hydroxy

compound.

11.  The process according to Claim 8 or 9, wherein the liquid phase

component contains a divalent aromatic hydroxy compound and/or carbamic acid
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ester.
12. The process according to any one of Claims 8 to 11, wherein the liquid
phase component is recycled to a top of the reactor in which the thermmal

decomposition reaction is carried out.

13. The process according to any one of Claims 1 to 12, wherein the aromatic

polycarbonate resin is a waste polycarbonate resin.

14. The process according to any one of Claims 1 to 13, wherein the amine

compound is a compound represented by the foliowing formula {11):

R1-€NH2) ]

(wherein R’ represents a group selected from the group consisting of aliphatic groups

(11)

having 1 to 20 carbon atoms and aromatic groups having 6 to 20 carbon atoms, the
above groups contain an atom selected from carbon and oxygen atoms, and have an
atomic number equal to n, and

n represents an integer of from 2 to 10).

15. The process according to Claim 14, wherein the amine compound is a

diamine compound in which n is 2 in formula (11).

16. The process according to Claim 2, wherein a standard boiling point of the
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monovalent aromatic hydroxy compound is lower than a standard boiling point of the

divalent aromatic hydroxy compound.

17. The process according to Claim 2 or 16, wherein the monovalent aromatic
hydroxy compound is an aromatic hydroxy compound which is represented by the

following formula (12) and which has at least one substituent R%

OH

(12)

(wherein ring A represents an aromatic hydrocarbon ring which has 6 to 20 carbon
atoms and which may have a substituent, and the ring A may be a monocyclic or
heterocyclic ring, and

R? represents an aliphatic group having 1 to 20 carbon atoms, an aliphatic
alkoxy group having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon
atoms, an aryloxy group having 6 to 20 carbon atoms, an aralkyl group having 7 to 20
carbon atoms or an aralkyloxy group having 7 to 20 carbon atoms, the above groups
contain an atom selected from the group consisting of carbon, oxygen and nitrogen

atoms, and R? may also bond with A to form a ring structure).

18. The process according to Claim 17, wherein the monovalent aromatic
hydroxy compound has a structure in which the ring A contains at least one structure
selected from the group consisting of a benzene ring, a naphthalene ring and an

anthracene ring.
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19. A carbamic acid ester compound represented by the following formula

(13):

oMo ot 0 O 0*OH

(13)
(wherein R® represents a group selected from the group consisting of aliphatic groups
having 1 to 20 carbon atoms and aromatic groups containing 6 to 20 carbon atoms,
the above groups contain an atom selected from carbon and oxygen atoms,
each of R* and R® independently represents a substituent selected from the

group represented by the following formula (14):

-0—) (14)

and, each of x, y and z independently represents an integer of 0 or more).
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