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T-597 DESCRIPTION PLANT-DERIVED COMPONENT-CONTAINING
POLYCARBONATES AND PROCESS FOR THEIR PRODUCTION 5
Technical Field The present invention relates to plant-derived
component-containing polycarbonates with satisfactory color tone, to
molded articles comprising the 10 polycarbonates and to a process for
production of the polycarbonates. Background Art Polycarbonate resins
are widely used in optical 15 méti& fiBftST éfetirical, electronic and OA
fields, automobile fields, industrial machine fields, medical treatment
fields and other industrial fields because of their excellent transgarency
DERINED  COMPO CREENISAL g O AR RONATES
polycarbonates 20 currentlydn wide userare predugediusing starting
materials obtained from petroleum resources. In light of modern concerns
over depletion of petroleum resources and global warming due to carbon
digxidargenerateg-hyithermal disposal of waste, more 25 environmentally

friendly may erials with §g()laroperties similar to.aromatic og%[carbon tes are
desired. It ightfof T7é:

“eitdiEtaheds, Arhydrosubar SaiedHols sacr &€
dianhydsakexitolefisermannigep ddgidite-anthisesorids) canthiesdbiatnet,
frocm %% 39 {g)}Jlant-dterivedlséarC%ingrrgatgfiggs mgnni}tﬁol,S id}i}ol %ﬁ‘nd sorbitol,
and these aré %éingC%nr\{/lgstlgea e BS TEn&wabi8 Fresdlirces onroduction
ofpolywerstamtbéspecally to a process for production of the

polycarbonates.

T-597

AND

Background Art

Polycarbonate resins are widely used in optical
media fields, electrical, electronic and 04 fields,
automobile fields, industrial machine fields, medical
treatment fields and other industrial fields because of
their excellent transparency, heat resistance and
impact resistance. However, the aromatic polycarbonates
currently in wide use are produced using starting
materials obtained from petroleum resources. In light
of modern concerns over depletion of petroleum
resources and glcbal warming due to carbon dioxide
generated by thermal disposal of waste, more
envircnmentally friendly materials with properties
similar to aromatic polycarbonates are desired.

In light cf thesge circumstances, anhydrosugar
alcohols such as dianhydrchexitols (isomannide,
isocidide and isosorblde) can be obtained from the
plant-derived starting materials mannitol, iditol and

sorbitol, and these are being investigated as renewable
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polyesters and polycarbonates (resources that, unlike depletable natural
resources such as petroleum or coal, are themselves renewable: e.g.,
forest resources, 5 biomass, wind power, small-scale water power and the
like) . Of these, low-cost starch has been produced as a starting material
and used even as a starting material for pharmaceuticals, while polymers
employing isosorbide that is commercially available are also 10 bein%g
ing

adivERMRGESighted BEPERGHhPRY sBE PRenMEsSuMBALSERT Had
regearshed are caronates ehtalaethby: Copplymerizirg: gyeals, used ke

poBAyester starting materials, as diol components together with isosorbide
1

GBrEkATpfe, BAE Waitdnt foiuinieérits 453) i iPpbtadss™ or coal,
palyearborates Comprisiigaalyisosashige astthe-diol eempaneri=re
associated with very high melt viscqsity due to their rigid structure
reRABHIAG thent 188 BaaBie fSFMOLIAG DianHtroheX IS hré Blid 26
expErsive as polymessiartiog matetiaks; makingheestise significamtiisstieas a
Therefore, copolymerjzation of inexpensive glycols in a range that allows
8 R et BT nts proeIbs Sy b8 et B Aba Ndoto s =
terfims obreducazetheicost of theh23 startilg materismbddwe ey the major
problem faceqdn e priocart js {hatRolymers.obiaingd using.. 5, o,
anhyarosugar alcohols stchi as isosorbide have poor color tone
copgpared o tardinbyy polyesdrsa petiolelimy crrdenmateriais; anble3Gthis
has been bstagle to their commercialization and further development
foﬁﬁgzs“zeﬁ‘;%a%er?t d%)c'ument 1] British Patent No. 1,079,686

Also being researched are carbonates obtained by

copolymerizing glycols, used in polyester starting
materials, as diol components together with iscsorbide
(for example, see Patent documents 4-5). This is
because polycarbonates comprising only isosorbide as
the diol component are associated with very high melt
vigcogity due to their rigid structure, rendering them
less suitable for molding. Dianhydrohexitols are guite
expensive as polymer starting materials, making cost a
significant issue. Therefore, copolymerization of
inexpensive glycols in a range that allows the
necessary polymer properties to be maintained is
advantageous in terms of reducing the cost of the
starting material.

However, the major problem faced in the prior art
is that polymers obtained using anhydrosugar alcochols
such as isosorbide have pcor color tone compared to
ordinary polymers of petroleum crude materials, and
this has been an obstacle to thelr commercialization

and further development for use.
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[Patent document 2] International Patent Publication No. 1999/054119
[Patent document 3] International Patent Publication 5 No. 2007/013463
[Patent document 4] International Patent Publication No. 2004/111106
[Patent document 5] Japanese Unexamined Patent Publication No.
2003-292603 10 Disclosure of the Invention Problems to be Solved by the
Invention It is an object of the present invention to_provide a plant-derived
o BOREHE-AEATEL5 pof SarbbR e RET mploved oBIoT 1616
moldetle aticleseamaprising the pelycationatas ard arprocessl faration
production of the polycarbonates. Means for Solving the Problems 20 As a
reS{it of %%%ﬁocﬁl it research directed toward solving the problems
méertanettakbme pthae tpresentinveniats havel diseaeared thatithey canbe
sol\llved l%% Badéjocirgg %5% inorganic impurities in the polymer starting
malterial an y reéucmg the inorganic 25 impurities in the polymer
progacteand dueinventior | hasithereupoirobedn armpletedukilelcat ion
cqpstructi invention is as follows. 1. A polycarbonate represented
by the fgﬁgbwi%%tb%%%/la (1:30HR1R3 R2 R4 H

[Patent document 5] Japanese Unexamined Patent

Publication No. 2003-292603

Digclosure of the Invention

Problems toc be Solved by the Invention

It is an object of the present invention to
provide a plant-derived component-containing
polycarbonates with improved color tone, molded
articles comprising the polycarbonates and a process

for production of the polycarbonates.

Means for Solving the Problems

As a result of much diligent research directed
toward solving the problems menticned above, the
present inventors have discovered that they can be
solved by reducing the inorganic impurities in the
polymer starting material and by reducing the inorganic
impurities in the polymer product, and the invention
has thereupon been completed. The construction of the
invention is as follows.

1. A polycarbonate represented by the following

formula (1) :



O-C O-R50-C 11 0n 0 1-n(1) (where RI-R4 each independently
represent a group selected from among hydrogen, alkyl, cycloalkyl and
aryl groups, R5 is a C2-12 aliphatic group and n is such 5that 0.6 <_n
<_0.9), wherein the inorganic impurity content of the polymer is no
greater than 10 ppm as the value measured using an ICP (inductively
coupled plasma) atomic emission analyzer, and the Col-b value is no

ar 5. 10 2. A polycarhonate according to 1. above, wherein the
inorganic i ity consists of one or more selected from the group
consigting &hd F% 3.!A molded article comprising a

pol hate according,to'd. or 2. above. 15 4. A process for production
of alp rbonate accgtrting to 1. or 2. above by a melt

pol 0 ess'at|emplays as the starting materials: a diol

having a total inggganic impurity content of no greater than 2 ppm as the

value measured usinélan mdudlve R golpted a) atomic

emigsion analyzer and a ggrity nalysis value of at Ie&st 99.7% by gas
atography, and bei nesented by the followingformula(2): 4

HO H RIOR3 (2) R2 R4 H OH (where R -R4 each independently
repidiehtalyrop €3ch independently represent a grolp

selected from among hydregen, alkyl, cycloalkyl and

=

aryl greoups, Rs is a C2-12 aliphatic group and n is such
that 0.6 £ n £ 0.9),

wherein the inorganic impurity content of the polymer
is no greater than 10 ppm as the value measured using
an ICP (inductively coupled plasma) atomic emission
analyzer, and the Col-b value is no greater than 5.

2. A polycarbonate according to 1. above, wherein
the inorganic impurity consists of one or more selected
from the group consisting of Na, Ca and Fe.

3. A molded article comprising a polycarbonate
according to 1. or 2. above.

4. A process forxr production of a peolyecarbonate
according te 1. or 2. akove by a melt polycondensation
process that employs as the starting materials:

a diol having a total inorganic impurity content
cf nc greater than 2 ppm as the value measured using an
ICP (inductively coupled plasma) atomic emission
analyzer and a purity analysis wvalue of at least 99.7%
by gas chromatography, and being represented by the

fellowing formula (2):
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selected from among hydrogen, alkyl, cycloalkyl and aryl groups), and a
diol having a total inorganic impurity content of no greater than 2 ppm as
the value measured using an ICP (inductively coupled plasma) atomic
emission analyzer and a purity analysis value of at least 99.7% by gas
chromatography, and being represented by the 10 following formula (3):
HO-R5-QH (3) (where R5 is a C2-12 aliphatic group), as diol components,
with a oniﬂacid diester having a total inorganic impurity content of no
greater than 2115 as the value measured using an ICP (inductively
ic dRrission analyzer and a purity analysis value of
romatography, and being represented by the

0 O R6~R, 20 (where R6 and R7 are groups
selelte alkyl, 4cycloalkyl and aryl groups, R6 and R7 being
either identicdd or different groups). 5 Effect of the Invention According to
the invention it is p(@éﬂale to provide plant-derived component-containing
polyaacbenatespyith improvegkealaradion; (o adicles,copppyiging the
polycarbonates and a process for production of the polycarbonates.
BetatRe tRE pbieBrsoies B thedfoBntichl&E ! comppsed ofyl and

plantideriyed. gompongnts which are

a diol having a total inorganic impurity content

of no greater than 2 ppm as the value measured using an
ICP {inductively coupled plasma} atomic emissicn
analyzer and a purity analysis value of at least 29.7%
by gas chromatography, and being represented by the

following formula {3):

HO—R5-OH (3)

{where Rs is a C2-12 aliphatic group),

as diol components, with a carbonic acid diester having
a total inorganic impurity content of no greater than 2
ppm as the value measured using an ICP (inductively
coupled plasma} atomic emission analyzer and a purity
analysis value of at least 99.7% by gas chromatography,

and being represenied by the following formula (4):

O
Ra\ )—L /RT "
O O

(where Rg; and R; are groups selected from among alkyl,
cycloalkyl and aryl groups, Rs and R; being either

identical or different groups) .



renewable resources and thus have a reduced 10 environmental load,
while also exhibiting highly satisfactory color tone, they are potentially
useful for a variety of purposes. Best Mode for Carrying Out the Invention
15 The present invention will now be explained in greater detail. Unless
otherwise specified, the numerical values for ppm and % are based on

weight. A polycarbonate of the invention is represented by formula (1)
alﬂgé?ﬁﬁﬁggiﬂﬁ&ﬁbﬂhﬂ%ic 20 impurities in the polymer, and
especiallyAhe dotal ot Nas Gaand freeis-ne greateritiap Jo-ppmemose
preferably no greater than 7 ppm and most preferably no greater than 3
PP AEHE VBRI ed8hratfsingERIRe indatthvel cdtihled plasma)
atpmlie emission apalyzer 25 he-inpsgarie inpuity sentent isipreferably
not abpve this range, because coloration will become notable and the
Bt STty AP YR OIgsis PSS BANCE WP BB A ARONR, BGTE Ee
cohstituteoanst of the nbrgaric popykdtiessibmotyaers because they tend
to 30 appgar as con%ahminan? fromkt)he %éoductign g%d”% and other
materials and TrORT the ExtBrnal art: and because 6 thair contehtd e 2+
somewhatdtigh in pdemerdiatly vaadilabigsdioksraf Sormila(2 paleove.
Methods for limiting the amount.of inorganic impurities. in. the polymer to
the TangE SAcifisd Abbue eliiie GG S SAiG maPaRwith low
inerganicomEirity lcoitents, livhitihg thé amaoemit 0b catahyst bsethland
caying.eut arodyclion wiin eghipmentpade of mateials et alg.c ey
resistant to elution of such components: Alt ou&h a smaller m%rganlc
imperitye variety of purposes.

Best Mode for Carrying Out the Invention

The present invention will now be explained in
greater detail. Unless otherwige specified, the
numerical values for ppm and % are based on weight.

A polycarbonate of the invention is represented
by formula (1) above, and the content of inorganic
impurities in the polymer, and especially the total of
Na, Ca and Fe, is no greater than 10 ppm, more
preferably no greater than 7 ppm and most preferably no
greater than 3 ppm ag the value measured using an ICP
(inductively coupled plasma) atomic emission analyzer.
The inorganic impurity content is preferably not above
this range, because coloration will become notable and
the molten stability and hydrolysis resistance will be
impaired. Na, Ca and Fe constitute most of the
inorganic impurities in polymers because they tend to
appear as contaminants from the production facility and

other materials and from the external ailr, and because
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10 content of the polymer is preferred, attempts to achieve a content of 0
ppm may greatly increase cost for contaminant reduction and lower
production efficiency. The lower limit for the inorganic impurity content in
the polymer which allows consistent 15 productivity is about 3 ppm. The
inorganic impurity content according to the invention is the value

determined using an ICP (inductively coupled plasma) atomic emission
arfzilfzef. 2eresefiddion BRRYEAacdbriplishBs EAEsisR 2ot LY

specHoseanic analysis wsing bighafraquencydpduetivelyaonpiad plasma
as the excitation source, whereby upon introduction of an atomized

sarmple Soltfion it Migh ™ tenTferatind g p R drid SRalySis dithe
enissiphe speciryndineswith adiftractionigrating«t alewside qualitative
and quantitative analysis of elements based on wavelength and intensity

of té& SpedifaltinbsT afd St E'dshetiily SHRABIE MO sinifanébds multi-

elepantanalysisi ihe metfhetids saiduaallow analysis,of upded? typas
of elements, excludin%;??/dro%en rare Ogases, nitrogen
i

, , n,
LGRS YOS RS o RE i ladt baBr AR BER APS ok stable
iseiapes: i Z /Accondingde ¢he swentiam ttherefereu thiesimosgansa dhpurity

content is the quantjfi q}valu for ele ts other than carbon, hydrogen
R AR ot i B S S S o L e 30
anatysts1oc T he polyearhonate of the ipverfitornris@lsaa tpolpcarbonate

with Golb value of no greater than,5,and prefetably nogreater than. 2,

The po]lycarbonate of tﬁe invention preﬂlerg;)l? as “ateduced VIScosity orT

0.53:0 dbfgfand more prefdvatilyon and lower preduction
efficiency. The lcwer limit for the inorganic impurity
content in the polymer which allows consistent
productivity is about 3 ppm.

The inorganic impurity content according to the
invention is the wvalue determined using an ICP
(inductively coupled plasma) atomic emigsion analyzer.
An ICP emission analyzer accomplishes emission
gspectroscopic analysis using high-frequency inductively
coupled plasma as the excitation source, whereby upon
introduction of an atomized sample solution into high
temperature argon plasma and analysis of the emission
spectrum lines with a diffraction grating, it allows
qualitative and guantitative analysis of elements based
on wavelength and intensity of the spectral lines, and
it ig egpecially suitable for simultaneous multi-
element analysis. The method is said to allow analysis
of up to 72 types of elements, excluding hydrogen, rare

gases, nitrogen, oxygen, fluorine, chlorine, bromine,

and radicactive isotopes that are not stable isotopes.
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10 0.6-0.8 dL/g. A reduced viscosity of less than 0.50 dL/g may result in
insufficient mechanical strength of molded articles obtained from the
polycarbonate of the invention. A reduced viscosity of higher than 1.0
dL/g will tend to result in an excessively high melt flow 15 temperature,
such that the melting temperature at which the flow property necessary
for molding is exhibited will be higher than the decomposition ‘
tefpErdtird Adcording 1o e Hvention, HRToRRGRr (15 /€ stRATRATY 6
<_impsurQ,9yIf sdsdessthas G6ethg2thglags ransiiondemperaiuanand s
heat resistance of the obtained resin will be undesirably reduced, If it is
TSI a6, S R TGty CorRESTALHe Wi BE358  highemakiHgTE e
diffieulb tas engurece flowpsopearty necegsary foemotingr?=hhe vsis .
polycarbonate of the invention can b ed for a wide variety of purposes
including gfp %a?ﬁ)"? |aaj%l%%ﬁ|i%:%|,%§ac ?beniclgﬁrgla)%arelvi%&,aéu Smobile
anco industrisdmachimenylpatts] niedicdl andshfety equipment,sheets and
films, %acka&gin s and gen%réall 3 hrrl_.;)%rct;andise. Specifically, there may be

méntioned op ical média such as D; CD-ROM, CD-R and minidisks, 8

electrical, @@@typﬂb&&t@@d@ﬂc@s&d@agwmcpnhopes,f@e:abﬁad has
COQ"%%'&%%'Q@%%’@PE Pagk gases, liguig or Sé%Qaﬁéﬁae;‘gpreferamy

connectors, automobile and industrial machinery parts suc
hetdianips$ idhe1ss leAsessdoorhandlesdsumperst feless, rbafirdils5C

IngfrumentRANELS, AUSIRLS, FRNSAIR POXESCMERAs and, PONer 100l5y ¢

medical and safety equipment such as carports, liquid crystal
diffisslolrrefreetive fifrfis ahaapaaBleiwarer titkspand generalate of the

merehandiss such@S-educed viscosity of higher than 1.0 dL/g
will tend to result in an excessively high melt flow
temperature, such that the melting temperature at which
the flow property necesgsary for molding is exhibited
will be higher than the decomposition temperature.

According te the invention, n in formula (1) is
such that 0.6 £ n £ ¢.9. If n is less than 0.6, the
glass transition temperature and heat regigtance of the
obtained resin will be undesirably reduced. If it is
greater than 0.9, the melt flow temperature will be too
high, making it difficult to ensure a flow property
necesgsary for meolding.

The polycarbonate of the inventicon can be used
for a wide variety of purposesgs including optical media,
electrical, electronic and OA devices, automcbile and
industrial machinery parts, medical and safety
egquipment, sheets, films, packagings and general
merchandige. Specifically, there may be mentioned

optical media such ag DVD, CD-ROM, CD-R and minidisks,
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10 pachinko parts, fire extinguisher cases and the like. ‘The method for
molding the polycarbonate to obtain molded articles for the purposes
mentioned above according to the invention may be injection molding,
compression molding, injection compression molding, 15 extrusion
molding, blow molding or the like. The method of producing a film or
sheet may be, for example, solvent casting, melt extrusion, calendering or

th& &L ThelanEd& RSt Ho FedififoRdnt IR EA F65thBUSD iRverfoh sl ar
repraseated by ferania (QoaRaves andospeciically B4s acdignhydiphexitods |

As dianhydrohexitols there may be mentioned 1,4:3,6-

,6 .
diaritRrS- - haHri| Bibbrévialtd &85 hEite HEreTR& thfoddut
the present speciticatione 29 lph3it=dienbydresl -iditol (ablseviatethas
"ispidide" hereafter throglfhout ;Bhe resent sPeci ication) and )
AR, CPESTOREr b B EPEEE ne LRSS Birek REFedits 1o
thraugheutnthecpresantl specification) {formutas(be, (6pand (7rbelovds and
These 30 %igntfgdrorggéi{ols fr% ggbstagc%s obtained from natural

bi nqlggs{ andare’ rehewable résources: Tsoboride RiRbe 9 Bbtaihed by
adoingpwates to D-glutdse fromt sfarchi &fid sthen Subjectingitte £ilms and

dehgg[ﬁ:t)iﬂg. VC\T)therI dj:aa[ﬂ]gd‘ro%eﬁ(gols:ecaen alio be ot}éaingg bé/ si@ilgr as

regctlons with %ltffeerent sl}aﬁl'ng mate%a?s. ?&)SO%E& ai% a diol t%a IS

easily pioducedaram stdrchaseart abemiahiyravaildte sourcehwhile itas

easier to produge thanyispmanpideenisoidide- HOH.Q vonate to
obtain molded articles for the purposes menticned above
according to the invention may be injection moelding,
compression molding, injection compression molding,
extrusion molding, blow molding oxr the like. The method
of producing a film or sheet may be, for example,
solvent casting, melt extrusion, calendering or the
like.

The plant-~derived diocl component used for the
inventicn is represented by formula (2) above, and
specifically it is a dianhydrohexitol. As
dianhydrohexitols there may be mentioned 1,4:3,6-
dianhydro-D-mannitol (abbreviated as "igomannide"
hereafter throughout the present specification),
1,4:3,6-dianhydro-L-iditcl (abbreviated as "isoidide"
hereafter throughout the present specification) and
1,4:3,6-dianhydro-D-gsorbitol {(abbreviated as
"isogorbide" hereafter throughout the present
specification) {fermulas (5}, (&) and (7) below). These
dianhydrohexitols are substances obtained from natural

biomass, and are renewable regsources. Isosorbide can be
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(5 OHOH HOHO O HOH HOHO 10 (7) O H OH The diol
component to be copolymerized therewith is represented by formula (3)
(hereinafter, the diol of formula (3) will be referred to as "glycol), and
there may be mentioned ethylene glycol, propylene glycol, 15
1,3-propanediol, 1,4-butanediol, 1,5-pentanediol, 1,6- hexanediol,
1,7-heptanediol, 1,8-octanediol, 1,9- nonanediol, 1,10-decanediol,

1,25 ttRe AN &P 4941 cibHeXanE ol 194-EF a8 RetarSuimetiiyl ang
neapentyd-alyfebRreteried amongrthese frosm the 20rstandpoint of high
polymerizability for, polymer synthesis and a high glass transjtion point as
b BHYRICKI BIOPERY o tie BRRrAer™ Bre T STbPAREA o A Hitiarer
ahbreviateshas 4,3:RD&) s fdrbutanediol- 10 fherainadter @bbreviateskasbide
1,4-BDO anci 1,(?1-hgxanediol (liereinaftgr a%g[r)(;%/iated ad 1,6-HDO),
whife T3 Jp?opa%e%hol}sspaelr il aﬁflypprr% eife et it-Eaf ST ha™
obtanaddrom plant aidtehials, and when Yhadpelymerized exbibis aco

Pouetyl Prguing giiect on, fhe mel flow property. Also, two or more diol

HO H

I
i\‘o
5] im mpp i [ELLY
»;
xT

r O
07 i T

HO

Ofn
I

AGRLLE A M L

The diocl component to be copolymerized therewith
is represented by formula (3) (hereinafter, the diol cof
formula (3) will be referred to as "glycol'), and there
may be mentioned ethylene glyccl, propyvliene glycol,
1,3-propanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-
hexanediol, 1,7-heptanedicl, 1,8-octanediol, 1,9-
nonanedicl, 1,10-decanedicl, 1, 12-dodecanedicl, 1,4-
cyclchexanediol, 1,4-cyclohexanedimethancol and
necopentyl glycol. Preferred among these, from the
standpoint of high polymerizability for polymer
synthesis and a high glass transition point as a
physical property of the polymer, are 1,3-propanediocl
(hereinafter abbreviated as 1,3-PD0O), 1,4-butanediol

10
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components of formula (3) may be used in combination: There are no
particular restrictions on the method of purifying the diols used for the
invention. 10 Simple distillation, rectification or recrystallization is
preferred, or optionally a combination of these methods may be employed
for purification. However, commercial diol products often contain
stabilizers or _degradation products from storage that can adversely 15
R B PG AP TS EESRCE PatichiiP hotdbie i th
planteerivedrdiels effprrawaa (aWhemsuchriols arentsed te obtain
polymers, it js preferred for them to be re-purified and immediately used
fof pOR/ATETZATION t8adtioht Y& CriinPeiod 20 8FShYEge é%/tercan
purificatioe: issbravoidable ribeyare npreferably isiared iaaddryhen
environTent at a low t%nﬁ%erature of belov%4(iC,. shielded froméi ht and
in 8k fheft’ gtjfﬁozs% eFé e ol %o%%‘gﬁgnt% of Jf(r)“ﬁr}ﬁﬁgj(?)gaﬁ StmulE™
25:{3) thatarefiised forthesinyention hawe amargamicminturity €dntent of
no dreater than 0,396, preferably 0o greater than % and evenmore,
pré erglc))ﬂ} no greater than ?)50(0 f the'to a?, asge ectnedcby gas ’
chromatography. Ehesinorgauaic impuri conteritrand 36respeniatiiz¢he

tofpl cantent of Na, ¢ and.Cajas deterted by IR smissian analysis,is;no
greater than T pp and prgfera le no greater tfhan ppm. he '
ca¥bogic acitidiestel asedifor thedhvdntion: isrepresemnted pythé 1ization
follQwi I 4), and as e I e tiope atic
cair%gﬁ ?; éa%lé(;igtéj %ée’sté%g S??()}l l«’ﬂ(l%;l[‘rfil (%%&hgl)%]cé%%?g%%q&%grgﬁa%g
dimyayiteagisomaty, bis(cdpheny) Eamboprtel fication. However,

commercial diol products often contain stabilizers or

diol

degradation products from storage that can adversely
affect polymer cquality. This becomes particularly
notable in the case of plant-derived dicls of formula
(2). When such diols are used to obtain polymersg, it is
preferred for them to be re-purified and immediately
used for polymerization reaction. When a certain period
of storage after purification is unavoidable, they are
preferably stored in a dry environment at a low
temperature of below 40°C, shielded from light and in
an inert atmosphere.

The diol components of formula (2) and formula
(3} that are used for the invention have an organic
impurity content of no greater than 0.3%, preferably no
greater than 0.1% and even more preferably no greater
than 0.05% of the total, as detected by gas
chromatography. The inorganic impurity content, and
especially the total content of Na, Fe and Ca as

detected by ICP emission analysilis is no greater than 2

11
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bis(methoxyphenyl) carbonate, bis(ethoxyphenyl) carbonate, dinaphthyl
carbonate and bis(biphenyl) carbonate, and aliphatic carbonic acid
diesters such as 10 dimethyl carbonate, diethyl carbonate and dibutyl
carbonate. From the standpoint of reactivity and cost, aromatic carbonic
acid diesters are preferred among these compounds, with diphenyl
carbonate being even more preferred. 15 There are no particular

reBRTiBRE oRtRé Shdthod S uitsiRG ke ERAdNic 28E diester used for

the inventipRe Sinapledistdlationaregtifisation efseecrysfallization isvent ion
referred, or a comhbination of these methods may be employed for

D FICARET S5 PhE Sl Soin i eoie: Hat (0TSt for (ha infSitiGhas

arcergapicnpiiy-eontent bEnagredien dbam O3Parpreferablyna greated
th%n 0.1% and even motﬁ,prefera ly no greater thaq 0.05% of the total,

as” HRtEcted by as dFomatoriphy. SPHE MBryahic bttty 25 comtene =
anttiespecially:thedotat eontentakbNayFelantdyCa asdeieetetdy ICP

emission analysis is no greater than 2 ppm and preferably no greater
i B R BT o et P o ot O S IBEkS resins
thererinaydte=medtiorethtiiey30 phosgenre: progess wherféihdssenfially an
aqueoys,alkall salytion of g.diydroxy compound s reagted WIRJZ,, o, o
phosgene in fhe presence% arn organic solvent, and thé "'me
pofyicoridensaticrprotass whgteints/ dihyemxgnedmpeaund anthe-gdrbonic

acyd digster,are S%%%ﬁe%ﬁ% 'Q%.%Rﬁ' SQHQE%SP“I‘? JS%%@%?TQEE cost,
temperature and 5 Igh vacuum in t presence or a transesterification
catalysta Althoggir evheltaolytohtlensatioh procesgeferred among

these compounds, with diphenyl carbonate being even
more preferred.

There are no particular restrictions on the
method of purifying the carbonic acid diester usged for
the invention. Simple distillation, rectification or
recrystallization ig preferred, or a combination of
these methods may be employed for purification.

The carbonic acid diester that is used for the
invention has an organic impurity content of no greater
than 0.3%, preferably no greater than 0.1% and even
more preferably no greater than 0.05% cof the total, ag
detected by gas chromatography. The inorganic impurity
content, and especially the total content of Na, Fe and
Ca as detected by ICP emission analysis is no greater
than 2 ppm and preferably no greater than 1 ppm.

&g known processes for production of
polycarbonate resing there may be mentioned the
phosgene process wherein essentially an agueous alkali

soiution of a dihydroxy compound is reacted with
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requires a transesterification catalyst as well as high temperature and

high vacuum, it is more economical than the phosgene process and is

also advantageous in that 10 polycarbonate resins with substantially no
chlorine can be obtained. According to the invention as well, the
polycarbonate is preferably produced by the melt polycondensation
process. In the production process of the invention, a 15 orl%:éarbonaée 8{1 o

foRPORIE) abbve T broduceaty” &Efearﬁb@?g%‘ell?p&?gé" hsatb
pracess from/diclsicepresenteddnoiosmulavize and{3p abave and &y
carbonic acid diester represented by formula (4) above. For melt
e R HO R e b e A T
acid tiesperligcpreferablrised nesrameuntaf 90+, 3@ ms amthmeresnd
prﬁﬁerﬁb%%ﬂ%l-o% mat with respect to 1. mol gfr%‘r‘%sglc‘?é gomponent. 2

ca al%st iS pre%‘érakﬁy used fbr the proﬁucnon 25 process Sf the invention.
Assatalysts to belisedtbbre: meaynbé mentibyeddemnrmmdswith- thee s s
ability to catalyze fransesterification or.esterification reaction, including,. -
R M e e b AP ohign
alkalimecearthimetalisd 30iptroyereontaining basiccoompougeispical than

g mayy ni 0 iG aci s of alkali Is.or. 13
alka%}e eartgfggnpé%aé?g%?%o%%%&n%s%éﬁniﬁém co%%%%s,lﬁng hat
CaPIpOLts, BOESTECOTR PO IR SY SHicoAvbEmpOUAdS, titamamcdompomsds;an

organigytin.Gompounds. 16agk cRMPQURGS. OSINKRCOMPAUINGS. 3RtIMOnY

compounds, 5 zirconium compounds, manganese compounds and the

likeo EithpagREReferred D& Plrdyen-eomaifRFbASc the melt

polycondensation process.

In the production process of the invention, a
polycarbonate of formula (1) above is produced by,
preferably, a melt polycondensation prcocess from diols
repregented by formula (2) and (3) above and a carbonic
acid diester represented by formula (4) above.

For melt polymerization to obtain a polycarbonate
of the invention, the carbonic acid diester 1is
preferably used in an amount of 0.90-1.30 mol and more
preferably 0.92-1.05 mol with respect to 1 mol of the
diol component.

A catalyst ig preferably used for the production
process of the invention. As catalysts to be used there
may be mentioned compounds with the ability to catalyze
trangesterificaticon or esterification reacticn,
including alkoxides or phenoxides of alkali metals,
alkoxides or phenoxides of alkaline earth metals,
nitrogen-containing basic compounds, quaternary

ammonium salts, organic acid salts of alkali metals or
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compounds, (ii) alkali metal compounds and (iii) alkaline earth metal
compounds from the standpoint of reactivity, effects on molded article
quality, cost, 10 and health. These may be used alone or two or more may
be used in combinations, among which combinations of (i) and (ii), (i) and
(i) and (i), (i) and (iii) are particularly preferred. Tetramethylammonium
hydroxide is preferred for 15 (i) and sodium salts are preferred for (ii),
afioig-whith 22 bis Ayt Sky phenhpopERe diktiur Sait 1§ Host
prefertesi.fos ysezThe nifepgen-eeniaining-basie campanad of £) 1above
preferably has a proportjon of basic nitrogen 20 atoms thatis 1 x 10-5 to
1 S0 T Snc b reTe GBS RACES (8 510 rhowit PRpRRF Ty
1 med Dfdbeshialwampavidsukother(d)atkal] metalicompounshaadfidy ,
alkaline earth metal compound as catalé/sts, the total 35 of agqclihme&al «
eléments and' afiAliRe ¥anh meal dfenvents addeq s pref&rably intha =<
rangelodQdb Ipx lix:51mal ancemoie preferabiiein-thernange 0H0 tbdax ¢

10-6 molﬁﬁsmol .of the arti'nlg rqlio{lgﬁgm ounds. Iaéh%géod ictio

prgc%ﬂ?so e’in elr?t?on‘?L 6|breferaeby hé dior and carbonic adid diester

starting L materials Qe heatet atongimangpreSsore intthe ddaprésence 0bd
pol rization catalyst for pre-reacti er which they are.stirred while
ﬁg28d§%f2¥ gygectg onhmﬁﬁﬁ%éﬁ%{%ké?% gﬁg%ﬁggd cost,

heating at a” termperature of no higher than’280C under re pressure
toaonl offethé tphendlérang alcoholss ThesBlreabtion systenvis preferably may

maiptained in an Aimosphete gi.a 9ag dhat isinerhwith reseedt fo.fhe ¢
(1} and {(ii}, (i) and (iii) and (i}, (ii) and {(iii}) are
particularly preferred.

Tetramethylammonium hydroxide is preferred for
(i) and sodium salts are preferred for (ii), among
which 2,2-bis(4-hydroxyphenyl)propane disodium salt is
most preferred for use.

The nitrogen-containing basic compound of (i)
above preferably has a proportion of basic nitrogen
atoms that is 1 x 107 to 1 x 107° mol and more
preferably 2 x 107° to 8 x 10™" mol with respect to 1 mol
of the diol compounds.

For the {(ii)} alkall metal compound and (iii)
alkaline earth metal compound as catalysts, the total
of alkali metal elements and alkaline earth metal
elements added i1g preferably in the range of 0 to 1 x
10°° mol and more preferably in the range of C to 5 x
10°° mol per mole of the starting diol compounds.

In the production process of the invention,
preferably the diol and carbonic acid diester starting

materials are heated at ordinary pressure in the
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starting materials and reaction mixture, such as nitrogen. Argon may be
mentioned as an inert gas other than nitrogen. 10 Thermal reaction is
preferably conducted at ordinary pressure at the initial stage. This will
promote the oligomerization reaction and, during the reduced pressure in
the later stage for run off of the phenols and alcohols, will prevent run off
of the 15 unreacted monomer that results in malar imbalance and a

reBnESE POy rriZatiBR UahTee. 3R thE ProtRichor 3frotess B fhie sact1om,
inwention, apRHpriate yemevalnf the sphaneisiandaloohnls fremahe

t t hel te t tion. Reduced [
hEFOTSIC 20 LRBCVe, S AR Toh-Hof e rouliltn precRes o e

inyenriionae minimally low temiperatbeencarditoniisyiretateecsto imhibit

diol decgmopositiorktand obtain agesinﬁviith low, cglo.rati%w and high
vigc%%ﬁy,lb& {5250 gﬁllylpsro%%?e 254 e%o%%er}lz%ﬁ%ﬁ reactich, the
conchtiomsiaresuch thag#e maximum polygmerization teayeratureds the
preferably i the rande ot betyeen 180C,and 280 and mare preferably
230-360C 50 IE‘F?(amp &5 Thé present invention will how'be explained in
15grenteredetail Aysamplgs beitmére- understandingithandhé inventionhisr
in . a)ﬁ&ecsér'ctg ‘by the examples. The isosorbide used in the

examples was oquette or Sanko Co., Ltd., the diphenyl carbonate

was 5 by Tefint@Remizals; Ltdh anel theelf 8propanhedividtd: ditartediol,

1, @'P&%ﬁ%l%?) ol, phengland fetiachlorgethane vgre y Wako: Bute; 1 5

Chemica
promote the oligomerizaticn reaction and, during the
reduced pressure in the later stage for run off of the
phenols and alcchols, will prevent run off of the
unreacted moncmer that results in melar imbalance and a
reduced polymerization degree. In the production
procegs of the invention, appropriate removal of the
phencls and aicchols from the system (reactor} can help
promote the reaction. Reduced pressure is therefore
effective, and is preferred.

For the production process of the invention, a
minimally low tfemperature ccnditicn is preferred to
inhibit diol decompesition and obtain a resin with low
coloration and high viscesity, but to suitably promote
the polymerization reaction, the conditions are such
that the maximum polymerization temperature is
preferably in the range of between 180°C and 280°C and
more preferably 230-26C°C.

Examples

The present invention will now be explained in

15
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Industries, Ltd. (1) The amounts of isosorbide and diphenyl carbonate 10
and polymer inorganic impurities were quantified using a Varian MP-X
(multi-type) ICP atomic emission analyzer. (2) The isosorbide and
diphenyl carbonate purity was measured by gas chromatography
(GC-14B by Shimadzu 15 Corp.). The measuring conditions were: a
column temperature of 220C, an injection temperature of 280C, a.
délEEorFientiSeratule B 2888 B Rr g4 HEP B2 RPENE B MibRin)- hat
Splite30.8valininy:Purge i S08l/min) , saddvake va: (N2:4QmEmimd12 X .
air: 70 x 20 70 kPa&%A sample solutign (50 acetone solutionéj\s/cvas
prepared ARF 1 WAL Tod R tnedbLr Bine RELIF FAE réfiioea?
viseasity of theopolymecavas-determined as4heidpGanscosity ob arsotution s
ohtained by. dissolving 120 mg of polycarbonate_in 10 ml of a 25.
phe"ﬁo%/?ejt %]ﬁloé%g %%1% %Itfllr)ntedr'atl‘gél:laéofs%? mixed FEoReEHtS f%“ir?& ant 4"
Ubhelahdel vistometer- (B ddlot tonehefiibeé patyiner was determined
by_ measuring the Col-b value using a UV-VIS Recordin
e oGt (SRt oD, 2R ot o IS 2 588722, The
méasurement iasigohducted by adding and dissolving 4 ml of methylene
chlaride in 0.935 g of the 16 polymer, and determining the Col-b.valu
et LTI 8 iav Rt ot TBOSMED A Mo S e
arehatfisldlofvdew ofi@r§aExampledusdsobid evfRoy ueie) Wakisubjected s
ongea T Pk aien 00 ahiee nepkedliani e e dipced the
isosorbide (23.38 g, 0.16 mol), I,3-

analvzer.

{2) The isosorbide and diphenyl carbonate purity was
measured by gas chromatography (GC-14B by Shimadzu
Corp.). The measuring conditiong were: a column
temperature of 220°C, an inijection temperature of
280°C, a detection temperature of 280°C, carrier gas:
(He: 120 kPa (1.63 ml/min), Split: 30.9 ml/min, Purge:
30 ml/min), and Make up: {Ny: 40 ml/min, H, x air: 70 x
7¢ kPa). A sample solution (5% acetone solution) was
prepared and 1 pl was injected for measurement.

(3) The reduced viscosity of the polymer was determined
ag the 35°C vigcosity of a solution obtained by
dissolving 120 mg of polycarbonate in 10 ml of a
phencl/tetrachlorocethane {(volume ratio: 50/50) mixed
golvent, using an Ubbelohde viscometer.

(4) The color tone of the polymer was determined by
measuring the Col-b value using a UV-VIS Recording
Spectrophotometer {(Shimadzu Corp.), according to JIS Z
8722. The measurement was conducted by adding and

dissolving 4 ml of methylene chloride in 0.935 g of the
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propanediol (3.043 g, 0.04 mol) and diphenyl carbonate 10 (42.84 g, 0.2
mol) and then 2,2-bis(4- hydroxyphenyl)propane disodium salt (2.723 pg,
1.0 x 10- 8 mol) and tetramethylammonium hydroxide (0.3646 mg, 4.0 x
10-6 mol) were added as polymerization catalyst and the mixture was
melted at 180C under a nitrogen 15 atmosphere. The reaction tank interior
was then reduced_in pressure to 100 mmHg (13.33 kPa) while stirring,

arfdP teR&bn RS CORRFIEG ForEh progintztaly 20 MAFe distilling

ofitbepredusrd phenplaAfigr subseduent temperaidre iRgrease to 200C,
the pressure 20 was reduced to 30 mmHg (4.00 kPa) while distilling off
the bhBROM fotbRed By ﬂjrﬁfé?témﬁé?alrﬁgeQEcr‘éhgg 162 F5C. Next, the

pressure was gradually reduced and reaction was continued for 10
minutes at 20 mmHg (2.67 kPa) and for 10 minutes at 10 mmHg (1.33
kP%}f?én 55 hiter temperature increase to 230C, reaction was conducted
with furthel presstird tedutiom.ant: éomperaturebnerease tafinal o

conditions of 250C, 0.5 mmHg (0.067 kPa). This was defined as.0

R S S 5 s Wodm e RS BRER B Ean R S0 e e
visehsity dnaiganicsiogurity dentént and Col-bovalde mudre, measured. An
injection molding machine (PS-t 7_injection molding machine, PS20

ey ISBE PRSI I istia) Go. 0 fwaE bed o) Tahiist o a te S
withd3 i thickfess x@2)5 ammal widthrx €3 innivilerigth at a cylinder

O AN A IR A T - o
Ta|@C@)Eﬁﬂﬁp@qzramethylammonium hydroxide (0.36¢46 mg, 4.0
x 10°° mol) were added as polymerization catalyst and

the mixture was melted at 180°C under a nitrogen
atmosphere. The reaction tank interior was then reduced
in pressure to 100 mmHg ({(13.33 kPa) while stirring, and
reaction was conducted for approximately 20 minutes
while distilling off the produced phenol. After
subseguent temperature increase to 200°C, the pressure
was reduced to 30 mmHg (4.00 kPa) while distilling off
the phenol, followed by further temperature increase to
215°C. Next, the pressure was gradually reduced and
reaction was continued for 10 minutes at 20 mmHg (2.67
kPa) and for 10 minutes at 10 mmHg (1.33 kPa), and
after temperature increase to 230°C, reaction was
conducted with further pressure reduction and
temperature increase to final conditions of 250°C, 0.5
mmHg (0.067 kPa). This was defined as 0 minutes, and
after 10 minutes a sample was taken and the reduced
viscosity, inorganic impurity content and Col-b value

were measured. An injection molding machine (PS-type
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10 The same procedure was carried out as in Example "1, except that the
same number of moles of 1,4- butanediol was used instead of
1,3-propanediol. The results are shown in Table 1. 15 Example 3 The
same procedure was carried out as in Example 1, except that the same
number of moles of 1,6- hexanediol was used instead of 1,3-propanediol.
The results are shown in Table 1. 20 Comparative Example 1 The same
proBedirt Ak Batisd St BRIA ERampiE *P, &xéePi it distitdfdn &nd
purifiation:- ok isaserhide was netearied @UE Iherdesulisgrershewrn e in
Table 1. Comparative Example 2 The same procedure was carried out as
in ESEMDIE T Exteplthat isosdiside (protuct SFS&HKE Chémical ™
Industey:Goa it tdh) wasisssk-ditestlyewitout distifatimn Theasesulis aee

shown in Table 1. 1%!%(; CC' OOHOOVy, t0.HC7 CY HH
7 CER 320 0 00w G H Kt O NRPREZETGe TherSor

was visually confirmed. The resulis are shown in Table

1.

Example 2

The =same procedure was carried out ag in Example
1, except that the same number of moles of 1,4-
butanedicl was used instead of 1,3-propanediol. The

regsults are shown in Table 1.

Example 3

The same procedure was carried out as in Example
1, except that the game number of moles of 1,6-
hexanediol was used instead of 1,3-propanedici. The

results are shown in Table 1.

Comparative Example 1

The same procedure was carried out as in Example
1, except that distillation and purification of
isogorbide wag not carried out. The results are shown

in Table 1.

Comparative Example 2

The same procedure was carried out ag in Example
1, except that isosorbide (product of Sankc Chemical
Industry Co., Ltd.) was used directly without

distillation. The results are shown in Table 1.
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0-C)o ;~TS-HN10 IU0O0O0-$C) CtoyCHR' NNHNNHNHN .-f
U~"auoroasldNN@@ro'HuO ONOroOcoOroOroO~ Cqg,ME
O~ZEZHZHZEHZDrt ECn onomm-ofwO"~'"~~mCDmm
NCv -~SmmmoDoDC)N UUDWOCC .QroNrord<ONONN

HE OHN_UC)UUoUalNoOO CIN NHNHNHN ONNO>1
Ordrd'dLa.aOVvIZ0OZOZHZHHOIED roavum-i.lrirfNUN
HEBEreE NE mlEEgfHIsTmroOkOxmxkkOwuw-, HWWNH

N

1. A polycarbonate represented by the following

formula (1)} :

0—Rs0O—GC

L —in O 1-n (1)

{(where R,-R; each independently represent a group
selected from among hydrogen, alkyl, cycloalkyl and
aryl groups, Rs is a C2-12 aliphatic group and n is such
that 0.6 £ n £ 0.9},

wherein the inorganic impurity content of the polymer
is no greater than 10 ppm as the value measured using
an ICP (inductively coupled plasma) atomic emission
analyzer, and the Col-b value i= no greater than 5.

2. A polycarbonate according to claim 1, wherein
the inorganic impurity consists of one or more selected
from the group consisting of Na, Ca and Fe.

3. A molded article comprising a polycarbonate
according to claim 1 or 2.

4. A process for production of a polycarbonate
according to claim 1 or 2 by a melt polycondensation
process that employs as the starting materials:

a diol having a total inorganic impurity content
of no greater than 2 ppm as the value measured using an
ICP (inductively coupled plasma) atomic emigsicn

analyzer and a purity analysis value of at least 99.7%
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19 What is claimed is: 1. A polycarbonate represented by the following
formula(1): OH R1I0R3 R2Z0R4 HO-CJO-R5-0-C50n0 1-n(1)
(where RI-R4 each independently represent a group selected from among
hydrogen, alkyl, cycloalkyl and aryl groups, R5 is a C2-12 aliphatic group
and nis such that 0.6 <_n 5 0.9), 10 wherein the inorganic impurity
content of the polymer is no greater than 10 ppm as the value measured
usiAy S/ FCPIHIRECEIY TotipledPMEds e} BOMERTFHSSBA SShayzéf and

therGokbyalie ishagreaterthan S. 2. A polycarbonate according to
claim 1, wherein 15 the inorganic impurity consists of one or more

selected &om @e group consisting of Na, Ca and Fe. 3. A molded article
coor%risin apo chonate according to claim 1 or 2. 4. A process for
pr ' olycaborfdte 20 according to claim 1 or 2 by a melt

haviglg & total inorganig’i %rjity content of no greater than 2 ppm as the
e@rlred usmg an ICP (inductively coupled plasma) atomic

(where R,;-R, each independently represent a group
gselected from among hydrogen, alkyl, cycleoalkyl and
aryl groups), and

a diol having a teotal inorganic impurity content
of no greater than 2 ppm as the value measured using an
ICP {inductively coupled plasma) atomic emission
analyzer and a purity analysis value of at least 99%.7%
by gas chromatography, and being represented by the
following fermula (3):
HO—Rz-OH (3)
{where R; ig a C2-12 aliphatic group),
ag dicl components, with a carbonic acid diester having
a total inorganic impurity content of no greater than 2
ppm asg the value measured using an ICP (inductively
coupled plasma) atomic emission analyzer and a purity
analysis value of at least 99.7% by gas chromatography,

and being represented by the following formula {(4):

O
RG\ )J\ R -
O O/

(where Rs and R; are groups selected from among alkyl,

cycloalkyl and aryl groups, R; and R, being either

21



by gas chromatography, and being represented by the following formula
(2: HOHR1 O R3 (2) R2 O R4 H OH (where RI-R4 each independently
represent a group 5 selected from among hydrogen, alkyl, cycloalkyl and
aryl groups), and a diol having a total inorganic impurity content of no
greater than 2 ppm as the value measured using an ICP (inductively
coupled plasma) atomic emission 10 analyzer and a purity analysis value
of atfsist 98 7% b §as eheamatyrapty) and being represented by the
following formula (3): HO-R5-OH (3) (where R5 is a C2-12 aliphatic
group), 15 as diol components, with a carbonic acid diester having a total
inorganic impurity content of no greater than 2 ppm as the value
measured using an ICP (inductively coupled plasma) atomic emission
analyzer and a purity analysis value of at least 99.7% by gas
chromatography, 20 and being represented by the following formula (4):
O (4) R6~0 0IZ (where R6 and R7 are groups selected from among alkyl,
cycloalkyl and aryl groups, R6 and R7 being either 21 identical or different
groups). 22
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