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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 pocharbonateﬁg%gﬁ;@&!%mt Polycarbonate resins
are widely used in optical 15 media fields, electrical, electronic and OA
fields, automobile fields, industrial machine fields, medical treatment

fields anerother industrial figlslssiecausg-al Hheiiexselent FRISRATASY axp
ever; thearomatic———————

heat resistance and impact resistance. How

polycarbonates 20 curesiSh WitE US8MR pFadtidediishy starting
materials obtained from petroleum resources. In light of modern concerns
over depletion of petroleum resources and global warming due to carbon
didaderg&deratdEbP thermal disposal of waste, more 25 environmentally
friendly matesials-with properties Sigilar o aromaticpalycarhonales aLe
desired. In light of these circumstances, anhydrosugar alcohols such as

digRIBRBkI SIS S GriahRRIeC GsaiaRICamPIs8Sorbidd) camBiesdhtaiedy
frams the 304Hant-deyiveshsiading.materials manpitalsiditgl and. sorbitol,

and these are being investigﬁated as renewable 1 resources for production

(ﬁﬁﬁ%Xﬁéﬁﬁgﬁfggﬁe&ag, o a process for production of the

polycarbonates.

Background Art

Polycarbonate resins are widely used in optical
media fields, electrical, electronic and OA 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
regsources and global warming due to carbon dioxide
generated by thermal disposal of waste, more
environmentally friendly materials with properties
similar to aromatic polycarbonates are desired.

In light of these circumstances, anhydrosugar
alcohols such as dianhydrchexitols (iscmannide,
iscidide and isosorbide) 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

e@_elgéfisagéégs%ide?&h@a{?c%%em%CéaFg%i‘W [ AigPIa0 KLBeNg,
actively investigated (for example, see Patent documents 1-%).Aso glng
reSeaichelire cansorrrey ebtahsewby scopoBmmetizing glytels, used irke

Polyester stafting, materials, as dipl companents toogther with jsosqrbide. ;|
15 (for example, see Patent documents 4-5). This is” because
paycarbofiEtEs Lontprishie Rl isoscibide ast tecdiol Esmpomestsare

assosiied withvesy Dighmeltsyiseasity dueto, el Figith Styctures 11,
rendering them less suitable for molding. Dianhydrohexitols are quite 20

expeftive a8 polyifdisstaririy1Hatketafs Makind e6stre ey riftedie adeas 2

Tharelorengoppirnerizationef inexpensivg glycols ina rangefhahallows, 1
the necessary polymer properties to be maintained is advantageous in
tefiE oPPEIUIGT G tHe 6ot Bf 11825 StRBAY HRESIATPOWEVBE the major

problesd facedkinthe Priok adoimfbatpalymers ohtainathusinge 2150
anhydrosugar alcohols, such as isosorbide have poor color tone

cOMTPArEd5 Foreiary PORFRErS B Petroldii cRitE Materials antPSEHis
has-hearan obstacie to their commercialization and further development
for use. 2 , ,

Also being researched are carbonates obtained by
copolymerizing glycols, used in polyester starting
materials, as diol components together with isosorbide
(for example, see Patent documents 4-5). This is
because polycarbonates comprising only isosorbide as
the diol component are associated with very high melt
vigscosity due to their rigid structure, rendering them
less suitable for molding. Dianhydrohexitols are quite
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 cbtained using anhydrosugar alcchels
such as isosorbide have poor color tone compared to
ordinary polymers of petroleum crude materials, and
this has been an obstacle to their commercialization

and further development for use.
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[Patent document 1] British Patent No. 1,079,686 [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 Ussxamingd Patent iRublication: Na+263-292603 10&ummary
of the Invention Problems to be Solved by the invention It is an aim of the
pré R Ui SSiEFE brovidd B E5 PRt defived ESmponEMtcortaintiy’*
pelycarpnares;with simproved color tone, molded articles comprising the
poélé%arbonates and a process for production of the_ %%Ilycar%qnales. 20
MEBRETBF SBRAE R Problerhs s restitdf nitehdiigent Yedearen o™
directed dgewardh $obving the problems mentioned above, the present

inventors have discovered that they can be solved b rgduc!tr]lg the .
inOFGHRE im AR thé holyMi&r-Staning Hiate AAITant 25 By Tadiding™
thednorgasic/impuriies in the polymer product, and the disclosure has
thereu%pon&been completed. According to a first aspect, @e{le is_provided
a pocafborate Fahresented PR ISoWRG TSHmuTs (1) RITR 3 R2 (1)
R4@-C:i Q2R3 &xCGid O ndbp-+2 52603

Summary of the Invention

Problems to be Solved by the Invention

It is an aim of the present discleosure to provide

plant-derived component-containing rolycarbenates with
improved color tone, molded articles comprising The

polycarbonates and & process for production of  the

polycarbonates,

Means for Solving the Problems

Bz & result of much diligent resesarch directed toward

solving the problems menticned above, the present inventors

have discovered that they can be solved by reducing

inorganic impurities in the polymer starting material and

by reducing the inorganic impurities 1n the polymer

product, and the disclosure has thereupon been complieted.
According toe a first aspect, thers 1s provided

polycarbonate represented py the following formula (1):

']
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(where R-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 5that 0.6 <_n 5 0.9), wherein the inorganic impurity
content of the polymer is no greater than 10 ppm as the value measured
ing- an ICP (inductively coupled plasma) atomic emission analyzer, and
g@ue is no greater than 5. 10 in one embodiment, the inorganic
: e selected from the group consisting of
second aspect, there is provided a molded
ate as defined above. 15 According to a
process for production of a polycarbonate
ycondensation process that employs as
ving atotal inorganic imputity content of no
Iue meastreR sty inductively
coupled plasma) atomic efyission analyzer and a puglty analysis value of
at least 99.7% by gas chromattigraphy, and being represefted by, the
following formula (2): 4 HO H R1 0.R3 (2) R2 R4 H OH (where RI-R4
ea§ V\{f‘r?geepejéﬁd}éﬁrﬂlyel%% eSS GISLp Y represent a group
selected Ifrom among hydrogen, alkyl, cycleoalkyl 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 is no greater than 5.

In one embodiment, the inorganic impur

ity

consists of one or more selected from the group consisting

of Na, Ca-and Fe.

Accordlng tc a second aspect, there 1s provided

41l

molded article comprising a polycarbonate as defined above.

According to a third aspect, therz is provided &

process for production of a polycarbonate as definsd above

by a melt O

ko)
;_r
L]

condensation process that emplovs as

T

L513

b

5 ri

e

tarting mat

3]

a diol having a total incrganic impurity content of

greater tThan 2 ppm as the wvalue measured using an

the

no

fd

CF

{inductively coupled plasma) atomic emission analyzer and a

purit analysis value of at least 9%.7% by

gas

chromatography, and being represented by the following

formula (2):
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selected from among hydrogen, alkyl, cycloalkyl and aryl groups), and 5 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 99.70 by gas
chromatography, and being represented by the 10 following formula (3):
HO-R 0‘ (3) (where R5 is a C2-12 aliphatic group), as diol components,

follrying formula (4): © (ﬁ6~0 01Z 20 (where R6 and R7 are groups
selected®@om amony alkyl, ‘cycloalkyl and aryl groups, R6 and R7 being
either identicatior djfferent groups). 5 Effect of the Invention According to
the invention it is o‘ Ible to provide plant-derived component -containing

potyaashenatesnyith impraveseaiaradian ) froldgd:% adiclessceppriging the
pz%carbonates and a process for production of the polycarbonates.
B

SbiSE T pblyArsoHAREs BY teRGEntich dré  compbsedory and
plantydertyedgesmponants 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 emission
analyzer and a purity analysis value of at least 99.7%
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 represented by the following formula (4):

o
R, R, ¥
NP
0 o

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

identical or different groups).
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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 i are based on
w%'%f%téétpo%ca{gon%tevof I"Ehe invention is represented by formula (1)
a ; ic 20 impurities in the polymer, and
especially the:tataliofgNap Cahand Resisticogreater thampd8 pin,smare
preferabl nogrealer faan 7 ppm apd mostpreferably po.greater than 3
ppm as the value measured using an 1CP" findtictive y coupled plasma)
atgmicyermissmredizaly zeirt BS fhernerganoihapuaity contembisiaréferably
not above hisJange. fecayse colrafion il become nofgble and e
molten stagmty an ﬁy&roﬂ%is resistance will be |mpaire8. a, E4%and Fe
cohstitutermirstbfithre indrgamic ipapuritiestinpalyarers because they tend
to 30 appear-as,contaminanis from {heproducion fagilty apd other,
materials and from the externaf air, and because 6 their contents are
sofffevieRdgivin commercaliyl wwailablerdiols of formula (2)satove.
Methads,fqr, miting the amougt of ingrgapic. jmpuritiesn the polymer to
the range specified above include using 5 starting materials with low
iNnGTHHARHHPEREA Eohteils, [IMtiAG the amotnhoteatanst isathand
cagyingqut praductionwith egyipmentdyade of materials thatargse £y 1
resistant to elution of such

for a variety of purposes.

Best Mode for Carrying Out the Invention

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

other materials and from the external air, and because
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components. Although a smaller inorganic impurity 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

c_%%}gnt accorgcglgﬁq to the emventlorhlgtth?u\_/a ue.determined ul%r;glan ICP

X @] £ r Cinew 1N commerc L.
(inductively coup edgpfgésma atomic emission analyzer. An emission

apatyzdradaccemplishes emissionm@0sspetirostapie analisiswosingfor

high-freque C¥L@%§R‘¥Sl¥t CS%‘EP'%@D}%%@ as{ S%‘%‘E”FF&Q SIS
whereby upon introduction of an atomized sample solution into high
tepaperatire ia@gaﬁnplgsmjagan@aﬁatyﬁs@@? tﬁ:é@@ﬁﬂ’ssﬁim 1§péf¢trwﬁim§fe§
WE%M?%“BQ@&%% 4t gllows %%8“&‘&@8‘9}‘%%?1% quaptifatye analysis
of elements’based on wavelength and intensity of the spectral lines, and
it fgoespreiatly suit@ableifod sinhgitaeoustimalli- elerrehr ahalysid Thand

methad js,said,fo-allow analysis, of,yp 10 42 Resofelements, excluding
hydrogén, rare 30 gases, nitrogen, oxygen, flucrine, chlorine, bromine,
afd: Elidactivei56tbpas thatafé Hot Btable isblopesCy AEcErdiy to the

inugptiot, therefore, the, ingrganic impurity- canteptisthe quantified yalue
for elements other than carbon, hydrogen and oxygen, i.e. elements
COHRPESAG polycaSorkfds A Cr emissiGTafalysid t5 THet s to

palyearbopate ofdhe inventiends alse aplysathonafe with Gal valeof
no greater than 5 and preferably no greater than 3. i
for contaminant reduction and lower production
efficiency. The lower limit for the inorganic impurity
content in the polymer which allows congistent
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 analyzer.
An ICP emigsion analyzer accomplishes emission
spectroscopic 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
gspectrum lines with a diffraction grating, it allows
gualitative and guantitative analysis of elements based
on wavelength and intensity of the spectral lines, and
it ig especially suitable for simultanecus 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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The polycarbonate of the invention preferably has a reduced viscosity of
0.5-1.0 dL/g and more preferably 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 th eltin .
e L e e e somnicy
will bpighier thantlee deé¢empbsitigndernpératdrevAtoerdifng-tosthement s

inv igp, D 'gﬂorg&%%_&grishxgcg?ggﬁoa% <n<_09.1Ifnis less_Lte%ennts

0.6, the 20 glass transition te Ure and heatresistarice of the
obtained sesia ik beamidesirably sedboed. It sngreatenthanal. 9 sthe .

melt flow temperatyire will he, 1, high, ymaking, i difficult to ensure a flow
property necessary for molding. 25 The polycarbonate of the invention
caRdbeyGeatrIopa itk variély bf purpdses indludingpticakmetisgn 5 and

el%g_tg@rg&g opic ?pegéaevg% agtomobile and industrial
machinery parts, medical and safety equipment, sheets, films,
packagingSiEhdogerErar3vo Rtk ardisdeSpeeifically, therrmbg i ly has

mentioned.optical ypediasych asP¥D; CH-ROM, GRR andaminidisks, 8,1

electrical, electronic and OA devices such as cellular phones, personal

cofitdr BoGEin s, bditers PAER Ea¥és ChGuid Crytalsaies &Amn 0.50

copneetors,auteragbile and sindustriak mMachingty-parts sueh asrength of
headlamps, inner 5 lenses, door handles, bumpers, fenders, roof rails,

inStrUTAER fdriels ‘Gifsterit ednssle boRes timarasgprrponate of the

invention. A reduced viscosity of higher than 1.0 dL/g
will tend to result in an excessgively high melt flow
temperature, such that the melting temperature at which
the flow pro?erty necessary for molding is exhibited
will be higher than the decomposition temperature.

According to the invention, n in formula (1) is
such that 0.6 £ n £ 0.9. Ifn is less than 0.5, the
glass transition temperature and heat resistance 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
necessary for molding.

The polycarbonate of the invention can bhe used
for a wide variety of purposes including optical media,
electrical, electronic and QA devices, automobile and
industrial machinery parts, medical and safety
equipment, sheets, films, packagings and general
merchandise. Specifically, there may be mentioned

optical media such as DVD, CD-ROM, CD-R and minidisks,
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power tools, medical and safety equipment such as carports, liquid crystal
diffusion/reflective films and potable water tanks, and general
merchandise such as 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 moldi
ot e Bl Boig G s NS TR naeh: SForedUC™
a fillwoeshegtemayhe L for@exanipte; bolventgastingamediextiusion, cases,
paielndﬁ{iggc%r tgga ike. The Igrﬁt-derived di(%l comp%necntrhjgﬁglj{%r ta%edZO

i nnectors U
Invention 1s regresentépdaby ormula 52(3 above, and specifically itis a

didmtiesohexitol nas Hiamhygrarexitelsahete may beanéatigred 1418:6-

di D. . . 5 X .
o et eSO 28 1 4 Samhy QT ol (dobitocas
"isblitﬁ@é‘}lrh@rﬂéamrthﬂcﬁ;gh@&pmmesemmﬁi@aﬁmd cameras and
1.4:3,8:dianhydro-D-sorbigh (abpreviated.as isosqrpider hergafter

throughout the present specification) (formulas(5), (6) and (7) below)
Thezsesrdianhydohesiteis ¥#6 slbsthhtes sbmiratfiemtiateraf 1 1ms and

gi(?gea%@%ar@e&en@m@éq resourees, 450s9rhide can,be; 9.ohiaingd by

ding water to D-glucose from starch and then subjecting it to .
dePyaratdRC OtRér- BianhydfolfexitbRACHFAISS besdttainat Bysimilard ke -

reactions with differgnistaiingpaterials. 1$asopRide oishdighihat is

easily produced from starch as an
obtain molded articles for the purposes mentioned above
according to the invention may be injection molding,
compression molding, injection compression molding,
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 the
like.

The plant-derived dicl component used for the
invention is represented by formula (2) abcve, and
specifically it is a dianhydrohexitol. As
dianhydrohexitols there may be menticned 1,4:3,6-
dianhydro-D-mannitol (abbreviated as "isomannide"
hereafter throughcut the present specification),
1,4:3,6-dianhydro-L-iditol {abbreviated as "iscidide"
hereafter throughout the present specification) and
1,4:3,6-dlanhydro-D-gorbitol (abbreviated as
"isogsorbide" hereafter throughout the present
specification) (formulas (5}, (&) and {7) below). These
dianhydrohexitcls are substances obtained from natural

biomass, and are renewable resources. Isogsorbide can bhe
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abundantly available source, while it is easier to produce than isomannide
or isoidide. HOH 0 (5) OHOH HOHO OHOH HOH'-010(7) OH
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- hexapedi
P T e T Mt dA 0 et oh and
1, 12xetodecanediol d¢4-icy clohegahediok 1i4s>oyclobekanedimethanol and
negpentyl glycol. Preferred among these, from the 20, standpoint of high
o S e oy s B DTG Bke B Sh S, as
a phgsicabpropettylof did pelyener, afesl,Biprgpanreadioll Hereindftarsorbide
abbreviated as 1,3-PDO), 1.4-hutgnedi reipafter iated
LAB5 o?aﬁ% 1%6 %gxajpr%e (g:.:g]sbﬂ@”% okhQ hereingfter abbreyiated ag
abundantly available gource, while it ig easier to

produce than isomannide or isoidide.
HQ H

X
NO
] o el 111 FERY
O
T

07 i Y

HO

sl
Qi
Ju 18

The diol component to be copolymerized therewith
is represgented by formula (3) (hereinafter, the diol of
formula (3) will be referred to as "glycol"), and there
may be mentioned ethylene glycol, propylene glycol,
1,3-propanediol, 1,4-butanediol, I,5-pentanediol, 1,6~
hexanediol, 1,7-heptanediol, 1,8-octanediol, 1,9-
nonanediol, 1,10-decanedicl, 1, 1i2-dodecanedicl, 1,4-
cyclohexanediol, 1,4-cyclohexanedimethanol 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-propanedicl

{(hereinafter abbreviated as 1,3-PDO), 1,4-butanediol

10
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(hereinafter abbreviated ad 1,6-HDO), while 1,3- propanediol is
particularly preferred because it can also be obtained from plant
materials, and when 5 copolymerized exhibits a powerful improving effect
on the melt flow property. Also, two or more diol components of formula
(3) may be used in combination. There are no particular restrictions on the

method af purifying the diols used for the inveption. 10 Simple distillation,
o TEEy LAt € prefSrmactior Bty alcermbmAReH B !
thebe rmaeétimiisamay berempleyed fardpurifisation) Howénidre conemercial

diol Iproductgioof?n.contgin stabi#é%rf or d%%gdati%{] 1Br:ocducts from

stgr@%atﬂgt can adverse ytf§ affect %I%ﬁer qa:éﬁi?y. s becomes ~2°

pardiedaily motablerindhe case ol plant-detivedidibls, obformulze2) .

wW iols are tain Aitis fetred far, to
e A A O L Be T e oad, e JerL o
cettain peridd 20of storagefter pukifieatiorrisurrwoidatie, they are

pr red I vironme a-low tu . 40C,
e o Ko o et s agoticre. hev ] coomateme st
formula (2} arddorslan25 K3y that Bieisddefor e hventorhavéan

organic. IRty contant of npsaregter, than Q. 3%, preferally N, greater, |
than 0.1% and even more preferably no greater than 0.05% of the total,

astdéteéedbpdas Ichrématography frHeihéRANRT NSty ebateht Z@ridi on
30; espacially;the Jotal,content ofNa; Fe and (3,25 qdeteated DY IGR o

emission analysis is no gréater than 2 11 =~
methods may be employed for purification. However,

commercial diol products often contain stabilizers or
degradation products from storage that can adversely
affect polymer guality. This becomes particularly
notable in the case of plant-derived diols of formula
(2). When such diols are used to obtain polymers, it is
preferred for them to be re-purified and immediately
used for polymerization reaction. When a certain period
of storage after purification i1s 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 dicl compconents 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 incrganic impurity content, and
egpecially the total content of Na, Fe and Ca as

detected by ICP emission analysis is no greater than 2

11
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ppm and preferably no greater than 1 ppm. The carbonic acid diester used
for the invention is represented by the following formula (4), and as
examples there may be mentioned aromatic carbonic acid 5 diesters such
as diphenyl carbonate, ditolyl carbonate, dixylyl carbonate,
bis(ethylphenyl) carbonate, bis(methoxyphenyl) carbonate,

bis(ethoxyphenyl). carbgonate, dinaphthyl carbonate and bis(biphenyl)
cd%r%gnna%g{ ,Bar?cfhéﬁghra ?t):(igargct))ni%ragc;fl gljipas%'efl:‘gé"’l 1rslutcjf"eh 5&"0 dimethyl
carbonate Tdiethyd chrbonate. and dibuylt earboaate. Fromtthe standpointon

of yeadfivity and, Gosh 8&?”@%@0 ‘é%rﬁfgi,?% id diesters are preferred
among these compounds, with diphenyl ¢ bonateubelng even more
prefesrepll ¢5 THegerarady pertiodatrestictions onahecmethdebofic acid

pusibing e carbopic.acid Aigstar used,iof he davention, SIMPIg, ponate,

distillation, rectification or recrystallization is preferred, or a’combination
of dthuye Methadd Al ise ehipidyrid vl pafitications 20 headagbonic acid

di%%%rmé&?o&;%ﬂ@ﬁ § inventignhas an,oans, impuity content of no

greater than 0.31, preferably no greater than 0.1% and’éven more

prERFASIE AbYredich AT D056 DF R4, 45 Herdetél Hygaryl)
chrompatogsarhy. e iQQ%gﬁég% impyrity-25-content; and egpecially the.r 55

total content of Na, Fe an a as detected by ICP emission analysis is no

greater than 255pmRerRsrefstaBy RO g edtdrIRan 2 FsiA. A RHEWA

pregesses derproductian:af -nelycarbpnateesins thare-may bg maptionsd: |
the 30 phosgene process wherein essentially an aqueous alkali solution

of%ﬁﬁﬂﬁﬁ6§y66ﬁﬁﬁ%ﬁaigﬁggjgaamﬁers are preferred among

these compounds, with diphenyl carbonate being even
more preferred.

There are no particular restrictions on the
method of purifying the carbonic acid diester used for
the inventicon. Simple distillation, rectification or
recrystallization is 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% 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 analysis is no greater
than 2 ppm and preferably no greater than 1 ppm.

As known procegses for production of
polycarbonate resing there may be mentioned the
phesgene process wherein essentially an agueous alkali

sclution of a dihydroxy compound is reacted with
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12 phosgene in the presence of an organic solvent, and the melt
polycondensation process wherein a dihydroxy compound and a carbonic
acid diester are subjected to melt polycondensation reaction at high
temperature and 5 high vacuum in the presence of a transesterification
catalyst. Although the melt polycondensation process requires a

transesterificaion E%i%a:é s yell ag pigh, t%":?g%@{%fes%”ﬁdv%@@ Vag M e
It IS more economical than the phosgene process and Is also
advahtageousdnthat kG polysarpomate Fesiizawith substantighiroey

chlatine can he,obtained, fgcording fo the ipuentjonas wally e oq «o

polycarbonate is preferably produced by the melt polycondensation
progéss. an e protiiction procasEeithelinehtibngd 1B pecatbonataof

formula ) ahaye is,proguced by, preferably, a meltpolyeandensation

process from diols represented by formula (2) and (3) above and a
catBoriEYadid diddtehpelsrese R d sy forllE @y apeve steioneRrocess

D%ﬂgﬁ?ﬂ%@@%%ﬁ%@98!&@@&%@%@%@%?5@@%iQ”wQﬁC%[QOH@gh
acid diester is preferably used in an amount of 0.90-1.30 mol and more
prefétRBya-999 . G5 Mot hath réapettto 11imof-6f ther GioPEompBneat: A-han

catalystis preferably used for theprodugtion, 25 pracess,eidhe invention:
As catalysts to be used there may be mentioned compounds with the

alifty Y& _ERAR" FraR88sRAfikatidh SIESteRftatidh Y¥adE HAGding can
alkexides gr phenoxides of alkalj netals: calkexjdes orphenroxidas of the

alkaline earth metals, 30 nitrogen-containing basic compounds,
qﬁﬂém%ﬁ;bonat@ is preferably produced by the melt
polycondensation process.

In the production process of the invention, a
polycarbonate of formula (1} above ig produced by,
preferably, a melt poclycondensation process from diols
represented by formula (2) and (3} above and a carbonic
acid diester rvepresented by formula (4) above.

For melt polymerization to obtain a polycarbonate
of the invention, the carbonic acid diester is
preferably used in an amount of 0.90-1.30 mol and more
preferably 0.99-1.05 mol with respect to 1 mcol of the
diol component.

A catalyst is preferably used for the production
process of the invention. As catalysts to be used there
may be menticned compounds with the ability to catalyze
transesterification or asterification reaction,
including alkoxides or phenoxides of alkali metals,
alkoxideg or phencxides of alkaline earth metals,
nitrogen-containing basic compounds, quaternary

ammonium salts, organic acid salts of alkali metals or
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ammonium salts, organic acid salts of alkali metals or 13 alkaline earth
metals, boron compounds, aluminum compounds, zinc compounds,
boron compounds, silicon compounds, titanium compounds, organic tin
compounds, lead compounds, osmium compounds, antimony
compounds, 5 zirconium compounds, manganese compounds and the

li I h r re,() ni -C ini sic_com ds, (ii)
A e oo e ) o e e the
staptpsinngs regcitivtty,cevﬂfmgnﬁanomdcami@@m@lﬁy@@ostﬁ;@ Bpon
healif, Jhese may; bg Ksgd BLIR Or more may beisedin oy g

combinations, ‘among which combinations of (i) and (ii), (i) and (i) and (i),
(i} and (ﬂPﬁf@%@&ulW@ﬁéﬁeﬁ@@%@ﬁeth@%ﬁmQﬁmn@iﬁm@b@%ﬁs
prefered ian, 1. 0hA0d sedium, salls ALe preferred for{l), among, whieh .

2,2-bis(4-hydroxyphenyl)propane disodium salt is most preferred for use.
The- hltfigeh- dortainineasasie @ormbbuRd of iy sabovel Preferably Haked ¢
propapionefpasic nifrogen-2Q ajarns thatdslx. 42 tadex 1053 mol and

more preferably 2 x 10-5 to 8 x 10-4 mol with respect to 1 mol of the diol

comBedridi Fer e (i ahei et eshibouR ARl Akameredmy of
metal compoupd asgatalystsyhentotal 35.0f alkalimetahelepients.and

alkaline earth metal elements added is preferably in the range of 0 to 1 x

168 MBS hore TrefFaBIFIn Bfe Hifé GFPR™S RT166mBFp&IhdlenaY
ofgbe starting dict sappesindsnih, thempraguetionprosess ohthe ipyention,

(1) and {(1i), (i) and {(iii) and (i), (11} and (iii) are
particularly preferred.

Tetramethylammonium hydroxide is preferred for
(1) 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 bagic compound of (i)
above preferably has a proportion of basic nitrogen
atoms that is 1 x 1077 to 1 x 107° mol and more
preferably 2 x 10°° to 8 x 10™* mol with respect to 1 mol
of the dicl compounds.

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

Tn the production process of the invention,
preferably the dicl and carbonic acid diester starting

materials are heated at cordinary pressure in the
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30 preferably the diol and carbonic acid diester starting materials are
heated at ordinary pressure in the 14 presence of a polymerization
catalyst for pre-reaction, after which they are stirred while heating at a
temperature of no higher than 280C under reduced pressure to run off the
phenols and alcohols. The 5 reaction system is preferably maintained in

an,almosphere-ot.a gas thats nart with respect Lo the, stariing matedals, |

and reaction mixture, such as nitrogen. Argon may be mentioned as an
ineft%fs sthérhamairoyen. 30 Theemavrchttiohsspraterably €onducted

at. grdiarypressye aidhe injtial stage.Thiswilk- promate heg, ceq
oligomerization reaction and, during the reduced pressure in the later

StEE F61FiR SfPofthe pRénSIBAnNA EBsHE!s Al prévErtedis off 6Fthe 15

UW@Q@@M%?@%&P&MG&'@E@%B@ imRalange A0 _aiﬁe%{:ed
polymerization d(;%ee. In the production process of the invention,

apprBpAREE Al Bf BRS pheablsdhd aitalol¥ ot fsirtdmte the
(reacion Gan help promole dheyreaciion; Bedweed pressutsiisithgrefore

20 effective, and is preferred. For the production process of the invention,

a ThinfRafy lowASApBratde &6h fpreferisd RN inkiitdiofas other
degampesition,gae obtain a resin with low coloration and high viscosity,

but to suitably promote 25 the polymerization reaction, the conditions are

such thaﬁﬁgW%&mﬁﬁ?ﬁ&&ﬁ%r&%tiBﬁ?grﬁﬁéﬁ}Mqun&‘éFé?ﬁ@yﬁﬁ the
rapge aidheiween 2 80cangd-280( andi mose preferably 2804260611

promote the oligomerization reaction and, during the
reduced pressure in the later stage for run off of the
phencls and alcohols, will prevent run off cf the
unreacted monomer that results in molar imbalance and a
reduced polymerization degree. In the production
process of the invention, appropriate removal cf the
phenols and alcohols from the system {reactor) can help
promote the reaction. Reduced pressure 1s therefore
effective, and is preferred.

For the prcduction process of the invention, a
minimally low temperature condition is preferred to
inhibit diol decomposition and cobtain a resin with low
coloration and high viscogity, but to suitably promote
the polymerization reaction, the conditiong are such
that the maximum polymerization temperature is
preferably in the range of between 180°C and 280°C and
more preferably 230-260°C.

Examples

The present invention will now be explained in
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30 Examples The present invention will now be explained in 15 greater
detail by examples, with the understanding that the invention is in no way
restricted by the examples. The isosorbide used in the examples was by
Roquette or Sanko Co., Ltd., the diphenyl carbonate was 5 by Teijin
Chemicals, Ltd. and the 1,3-propanediol, 1,4- butanediol, 1,6-hexanediol,

E{?E(@é@@‘} tefrachigrogthane wiere by Wako Pure Chemical éa%?ﬂ%s’t hat

1) The amounts ofisosorbide and diphenyl carbonate 10 an
polHfie R MoRGENICTMPErities Werdgiyantiiel ik @ PariahmMexamples .

(multi-type}|CP;algaic sRugsion analyzery(2) Jheqsasatbideand,

diphenyl carbonate purity was measured by gas chromatography

(GIUBBHESR A< 25 Eorp. )L FRe médtridgRivdifonsavdrengte was

coymprdemparaiuee6f-220C, an-injeclion t@@ﬂ@eﬁa,tgLeE%§§9@d§ol . 1,4-
detection temperature of 280C, carrier gas: (He: 120 kPa (1.63 ml/min),
SHitE3618 Mifhhin, PutgESBBRRIFRARY |, adWIaKke BBA(N2: 40 ml/min, H2 x

aif; L0620 Y8 kR n Ahsamplessalytion (R0 acataneselkiien) was

prepared and 1 pl was injected for measurement. (3) The reduced
viscodity of #ifpolfifér was determined as the 35C viscosity of a solution

obtainediy dissalving 120 meeipalycrrbanatedn 20antaf @25bonate
phenol/tetrachloroethane (volume ratio; 50/50) mixed solvent, using an

UBBE RS VRRESMERT T BA e cOIBHone 6t Thd pbRynfataiis deérimitetny
bya measusngitive Col-bwalue usingja UVeVIS-Raeerding ssion

analyzer.

{2) The isosorbide and diphenyl carbcnate purity was
measured by gas chromatography (GC-14B by Shimadzu
Corp.}. The measuring conditions were: a column
temperature of 220°C, an injection 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: (Ns: 40 ml/min, Hy x air: 70 x
70 kPa}. A sample solution (5% acetone solution) was
prepared and 1 ul wasg injected for measurement.

{3) The reduced vigcosity of the polymer was determined
as the 35°C wviscogity of a solution obtained by
dissolving 120 mg of pcolycarbonate in 10 ml of a
phenol/tetrachloroethane (volume ratio: 5%0/50) mixed
solvent, using an Ubbelohde viscometer.

(4) The color tone of the polymer wag 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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Spectrophotometer (Shimadzu Corp.), according to JIS Z 30 8722. The
measurement was conducted by adding and dissolving 4 ml of methylene
chloride in 0.935 g of the 16 polymer, and determining the Col-b value
under conditions with a wavelength of 780-380 nm, an illumination of C
and a field of view of 2. 5 Example 1 Isosorbide (Roquette) was subjected

onge igraimple;digtilation- i a threernacked flagk fhergwergplaced the
isosorbide (23.38 g, 0.16 mol), 1, 3 pr anediol (3.043 g, 0.04 mol) and

dipFrRRSH BB Rate 107 (42. 84 G0 ol &l thBR 28 hig, an

hydroxypheayisapate disgdiun salt 2423 9,1 H,x 4@- 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
nitogensiatmosphere. The reaction tank interior was then reduced in

pressure to 100 mmHg (13.33 kPa) while stirring, and reaction was
conducted %Pﬁ&ﬁ%&fﬁ? é@%ﬁﬁﬁlﬁés %ﬁné&éﬂmﬁg off tRE prodhited

phen@ipAﬁeawbseqaeﬁtdﬁm peratyre: nesease-te1200G; the pressire 20ere
was redu ﬁo 30 mmH (4 0 I:r% while dIStI”In off the phenol,
ﬂ%& B iné

foll%wedeby rthet Teitip asé g - ZJ%C'L &ilthe Hre%sure was
grthuag:lymeduce‘u dnd oeactipn was Azoanmuechfm 10iminees atd@bonate

(§467 kPg) Slnd f%r 10 énéo(% es at Jss‘gé% .33 kPa), and 25
a

after tgémpe dture increas Feacti On W nducted with further
prégsdmm@i@ngh)ﬂr@awaﬁﬂeommsemﬁnalzcan:qumg of 250C; 10°

0.5 mmHa (0,067 kPa), This was defined as 0 minWtes, and 3646 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
subsequent temperature increase to 200°C, the pressure
wag 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 minuteg at 20 mmHg (2.67
kPa} and for 1C minutes at 10 mmHg (1.323 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 1C minutes a gample was taken and the reduced
vigcosity, inorganic impurity content and Col-b value

were measured. An injection molding machine (PS-type
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after 10 minutes a sample was taken and the reduced 30 viscosity,
inorganic impurity content and Col-b value were measured. An injection
molding machine (PS-type 17 injection molding machine, PS20 by Nissei
Plastic Industrial Co., Ltd.) was used for molding of a test strip with 3 mm
thickness x 12.5 mm width x 63 mm length at a cylinder temperature of

2506 janek-a srplehSitemperatiire, 0h80Cpand the oufer appearanse thereof
was visually confirmed. The results are shown in Table 1. Example 2 10

ThE S protedhre wakcdred 86t &S RFEEMpiECL ddRcept that thest

sagmerignberef motes afdi4xktapediol was ugedingdead of 63 mm
1,3-propanediol. The results are shown in Table 1. 15 Example 3 The
sa%%"ﬁ?@é‘eaﬁre%&é/ AT ot HERR B EN e f ekelpftiatthésimed

numbes ef-arales:0bE, 658 heganedial was used insteashebl.3rirepanediob £
The results are shown in Table 1. 20 Comparative Example 1 The same
procedure ﬁ/%%%c%)r’ri&? 8%ﬁ§§1ﬁ1dExaHb?e £ EREES REEdRTATonahd 2P e

purfication of isosorbide was not carried out. The results are shown 25 in
Table 1. Comparative Example 2 The same procedure was carried out as
in Example 1, except that isosorbide (product of Sanko Chemical 30
IndistnyrC@, Btd.) was used directly without

The same procedure was carried ocut 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.

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.

Comparative Example 1

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

in Table 1.

Comparative Example 2

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

digtillation. The results are ghown in Table 1.

18
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1. A polycarbonate represented by the following

formula {(1):

O—R50—C
0

1-n (1)
{(where R.-R: each independently represent a group
selected from among hydrogen, alkyl, c¢ycloalkyl 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 emisgsion
analyzer, and the Col-b value 1s no greater than 5.

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

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

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

a dicl 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 leagt 99.7%
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What is claimed is: 1. A polycarbonate represented by the following
formula (1): H RLOR3 R2OR4HO-CO-R50-C 50n01-n(1)
(where RI-R4 each independently represent a group selected from
antohPRFIrGgER kI SEyabalky Il By fod RS R 8- 1y the
alighaticogrony anshkisisuche that 0.6 << n << 0.9), 10 wherein the
inorganic.impurity content of the polymer is no greater than 10 ppm as
the val eagpred using an ICP (inductively coupled plasma) atomic
emjissi zer, and the Col-b value is no greater than 5. 2. A

pg@a recordiqg tRglaim 1, wherein

(2}

Rq

OH

{where R;-R, each independently represent a group
selected from among hydrogen, alkyl, cyclcalkyl 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 wvalue of at least 99.7%
by gas chromatography, and being represented by the
following formula (3):
HO—Rs-OH (3)
(where R 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 92.7% by gas chromatography,

and being represented by the following formula (4):

O
R, R,
NP
0 o”

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

cyclcocalkyl and aryl groups, Rs and R, being either

21



15 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 20 according to claim 1 or 2 by a melt polycondensation
process that employs as the starting materials: a diol having a total
inarganiciigpurity-content af no greatgidhan 2 ppm as the value
measured using an ICP (inductively coupled plasma) atomic emission 25
analyzer and a purity analysis value of at least 99.7% 20 by gas
chromatography, and being represented by the following formula (2): HO
H, RIOR3(2) R2 (r) R4 H OH (where R1-R" 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 at least 99.70 by gas chromatography, and being represented by the
following formula (3): HO-R5-OH (3) (where R5 is a C2-12 aliphatic

group),

22
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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~/R, O 0 (where R6 and R7 are groups selected from among
alkyl, cycloalkyl and aryl groups, R6 and R, being either 21 identical or
different groups). 22 ABSTRACT A%%t of the invention is to
provide plant derived component-containing polycarbonates with
improved color tone, and a process for their production. This object of the
invention SEHEET Dy Tédicifig e frdrgdtic irffpiritidehin tRe poR RS -
stagingrraadteriahane byt edueing tha inorganic dapesitias dxthe pelymer
mgggggved coclor tone, and a process for their

production.

This object of the invention is achieved by
reducing the inorganic impuritiesg in the polymer
starting material and by reducing the inorganic

impurities in the polymer product.
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