1 DESCRIPTION CARBONYL CHLORIDE PRODUCTION PROCESS 5 TECHNICAL FIELD The
present invention relates to a carbonyl chloride production process. The present invention also relates
to a process for producing a polycarbonate resin from the obtained carbonyl chloride. 10
BACKGROUND ART Polycarbonate resin has exéellent optical properties, mechanical properties
and electric properties and therefore has beendﬁ?&%ﬂjf’ﬂ&@ variety of fields including food 15
products, optical products such as multi-media recording media, housings for silicon wafers and multi
-media recording media, electric appliances and automobiles. The polycarbonate resin is

generally produced from carbogyLehioride,anditisavel Kpown that apy; ct 20 and impurities

contained in this carbonyl chloride have an influence upon the quality of the polycarbonate resin.

For example, Patent Document 1 discloses a process for producing a polycarbonate resin having a
good colosfrom-gathenyhehlerde which is produced from carbon monoxide 25 having a reduced
content of a sulfur compound. Carbon tetrachloride is a by-product formed at the time of producing

carbonyl chloride. It is RIS Hbout 5815 300 F5m ot earbch tetfadieradisdermarams formed at
the time of progiieiia: earbenybebledde andreentaineddnthe 30f0rmed carhenylchiaride. Its also

known that carbon tetrachloride deteriorates the color of the obtained polycarbonate resin and reduces

the mold corrofloR TESiEER cé Cand it FtHeTEfdré nBISERy R Rétt R e A& HoNniert®f E&fbon

tetrachloride indbe aotyearbonatengsin chashideh.as possible. Some methods for solving these

problems Iaave been proposed. For example, Patent Document 2 discloses a process for producing a
1 . ) . .

polycarbonate resin which rarely corrodes 5 a metal mold by using carbonyl chloride whose carbon

tetrachloride carremdrasbEerrretiuced by distillation. Patent Document 3 discloses a process for

obtaining a polycarbon %alresinr a\gng(iem rg\_{%d aéjsalitgiggﬂc%rgon échloiide whose sulfur
compound and carbon etrachioride 10 ‘contents ﬁlave een reduce yzt%% d%ﬁﬁ)ﬁ%rnt(%ﬁ%’uefied
carbonyl chloritie obtairied: bycdividigtd esastivh ¢dreabitaining carzonyl ebleride amongfmaay reactors
to remove reagtjgp @g&ﬁ_s%té@ gipgs%g@e Patent &gpug%er#fe%iéglo%% ﬁpéo%essf@cr} bta_Lining 15
a polycarbonate resin having improved quality from carbonyl chloride whose carbon tetrachloride and
volatile chiorin®Eerteatsshaicbésir fe IcedUsiLthestistilatisn ot ligaefietidarboaglatidrige obtained

by dividing a reg€l9n fohousings for silicon wafers and multi-media recording
media, electric appliances and automobiles.
The polycarbonate resin is generally produced from
carbonyl chloride, and it is well known that a by-product
20 and impurities contained in this carbonyl chloride have an
influence upon the gquality of the polycarbonate resin.
For example, Patent Document 1 discloses a process for
producing a polycarbonate resin having a good color from
carbonyl chloride which is produced from carbon monoxide
25 having a reduced content of a sulfur compound.
Carbon tetrachloride is a by-product formed at the time
of producing carbonyl chloride. It is known that about 150
to 300 ppm of carbon tetrachloride is generally formed at
the time of producing carbonyl chloride and contained in the
30 formed carbonyl chloride. It is alzo known that carbon
tetrachloride deteriorates the color of the obtained
pelycarbeonate resin and reduces the mold corrocsion
regsistance, and it is therefore necessary to reduce the

content of carbon tetrachloride in the polycarbonate resin



obtaining carbonyl chloride among many reactors to remove 20 reaction heat as much as possible.
However, to carry out these processes, the process becomes large in scale and complicated and a
gas pressure loss becomes large, which is not preferred from the viewpoint of cost. 25Patent
Document 5 discloses a process for obtaining a polycarbonate resin having a low content of chlorine
(volatile chloring%wﬂigg]és %ga %@ée_\iqﬁﬁrgm a molded article after melt molding at normal temperature
by using carbonyl chloride having a chlorine content of 1,000 ppb or less which 30 is produced by
letting liquefied carbony#@horidedesdsthictighsan sdtivatad eadhgptowkete atisord didarine contained

in carbonyl chigtidsiodug activaled eagion. | paManNMBIeROMeDRcESe6S [ piogdueing carbony!

chloride whose total content of impurities such as carbon 3 tetrachloride has been Teduced are
proposed. For &@mPECRER Dt upserif GdibeB3és aredss ot prodirsing varbenybelderide

having a layv cagbgp tetrachlorigegontentand-a Jaw chloring mglegule gontent by, ysing activated
carbon having 5 a specific surface area of 1,200 to 1,300 m2/g. However, in the proposal of this Patent

Document 6, theSeHEEoPERRe CrRGFTErdehforikReEbrrestis ot batidastbiland imther, Patent
Document 7 is aimed topaduse the sentent of carpmtelashloride by distilling-cagbonylghigride

obtained by 10 the process disclosed by Patent Document 6. Patent Document 8 discloses a process

for producing carE&hyY CAIPERHiInG 2 e R ¥ I MBI terbBH e thchIBHER BAtSIRGEEtivated

carbon having atow actiee metalcontarult teashesthat activated-sarhopdhaving.a 35:suface area of
more than 100 mZI%is use%, sg)?(l-:-v%ifically 350 to 500 m2/g. _. Patent Document 9 discloses a process

for produting carBORTTERoNaE IRESE CARSBH et d0h151ide Chfifeit Hak HePledudditdy G&ing
activated carborshawvimya strface adea 20+w0f ahledsh F0dn2/gd Actually ractivateshcaden having a
surface area of gbout 600to 1 7%0 I@Z{g (i:shliserd. Patent Document 10 disclgses a process for

producing carbonyl chiorde WRTS HE amoant 51 l:c)13/e-p‘?“(5n Ueed G4 1S RSt By citaetiRith a first
catalyst and thereaith zosedorelt2 5 satalysh hawing dughidrrelative activity than the first catalyst in a

carbonyl chloride forming reaction, In.all of the pro Is of the above patent documents, the
improvement of the qug%y of car %nyﬁctﬁori e% §§§§| %é flr;orﬁ the %F%rt- &fm %%Fn‘%%?%ﬁle%v.
Howeverl & 30 dproedss-for producing sign dualidcarbapylstddride abhtimubusiy forakonglime on an

industrial scaleds ngt disclaged dy an.alhese paient dopuments, o roguce cahonyl chipride on an
industrial scale, the quality and production cost of the obtained carbonyl chloride are
contents have been reduced by the distillation of liquefied

carbonyl chloride obtained by dividing a reaction for
obtaining carbonyl chloride among many reactcors to remove

20 reaction heat as much as possible.

However, to carry out these processes, the process
becomes large in scale and complicated and a gas pressure
logs becomes large, which is not preferred from the viewpoint
of cost.

25 Patent Document 5 discloses a process for obtaining a
polycarbonate resin having a low content of chlorine
(volatile chlorine) which is evaporated fromamolded article
after melt molding at normal temperature by using carbonyl
chloride having a chlorine content of 1,000 ppb or less which

30 is produced by letting liquefied carbonyl chloride pass
through an activated carbon tower to adsorb chlorine
contained in carbonyl chloride tc the activated carbon.

Meanwhile, some processes for producing carbonyl

chloride whose total content of impurities such as carbon



4 important but much attention must be paid to safety because carbonyl chloride is a highly toxic
substance. Since a disaster risk caused by the leakage of carbonyl chloride becomes large particularly
when a catalyst is replaced due 5 to the end of the life of the catalyst, it is desired that the life of the
catalyst should be extended as long as possible to redtice the frequency of replacement. (Patent

Document 1) J é 1(_)C_;LL-%75630 (Pat%nFE)Docume tZ% ﬂfP-B 06-076482 10 (Patent Document 3) JP-A

2000-248059 (Patent Doctmant 45 IB A 50001 BT554 2 B aRnT Botitient: OF €xample

Patent Document 6 discloses a process for producing carbonyl
chloride having a low carbon tetrachloride content and a low
chlorine molecule content by using activated carbon having
5 a specific surface area of 1,200 to 1,300 m’/g. However, in
the propcsal of this Patent Document 6, the reduction of the
carbon tetrachloride content is not gatisfactory and further,
Patent Deccument 7 is aimed to reduce the content of carbon
tetrachloride by distilling carbonyl chloride obtained by
10 the process disclosed by Patent Document &.

Patent Document 8 discloses a process for producing
carbonyl chloride having a reduced content of carbon
tetrachloride by using activated carbon having a low active
metal content. It teaches that activated carbon having a

15 surface area of more than 100 m*/g is used, specifically 350
to 500 m?/g.

Patent Document 9 discloses a process for producing
carbonyl chloride whose carbon tetrachloride content has
been reduced by using activated carbon having a surface area

20 of at least 10 m*/g. Actually, activated carbon having a
surface area of about 600 to 1,700 m?/g is used.

Patent Document 10 discloses a process for producing
carbonyl chloride while the amount of by-produced CCl, is
reduced by contact witha first catalyst and thenwith a second

25 catalyst having higher relative activity than the first
catalyst in a carbonyl chloride forming reaction.

In all of the proposals of the above patent documents,
the improvement of the quality of carbonyl chloride is
described from the short-term point of view. However, a

3¢ process for producing high-gquality carbonyl chloride
continuously for a long time on an industrial scale is not
disclosed by any of these patent documents. To produce
carbonyl chloride on an industrial scale, the guality and

production cost of the obtained carbonyl chloride are



5) JP-A 10-226724 (Patent Document 6) JP-A 2000-264617 (Patent Document 7) JP-A
2001-261321 15 (Patent Document 8) JP-A 2000-505035 (Patent Document 9) JP-A 2002-511045

(Patent Document 4

important but much attention must be paid to safety because
carbonyl chloride is a highly toxic substance. Since a
disaster risk caused by the leakage of carbonyl chloride
pecomes large particularly when a catalyst is replaced due
5 to the end of the life of the catalyst, it is desired that
the 1ife of the catalyst should be extended as long as possible

to reduce the frequency of replacement.

(Patent Document 1) JP-A 01-275630
{Patent Document 2) JP-B 06-076482
10 {Patent Document 23) JP-A 2000-248059
{Patent Document 4) JP~A 2000-154244
{Patent Document 5) JP-A 10-226724
(Patent Document &) JP-A 2000-264617
(Patent Document 7) JP-A 2001-261321
15 (Patent Document 8) JP-A 2000-505035
{Patent Document 2) JP-A 2002-511045
{Patent Document 10) US Patent Laid-Open Publication

No. 2002/0188156-A

20 DISCLOSURE OF THE INVENTION
It is an object of the present invention toc provide
a procegs for producing carbonyl chloride having a low total
content of impurities and a good coloxr. It is another object
of the present invention to provide a process for producing
25 carbonyl chloride, wherein the deterioration of a catalyst
is suppressed and leng-term continuous operation 1s
possible.
It is still another cobject of the present invention
to provide a polycarbonate resin having a low content of a
30 metal corrosive substance, a good color and high molding heat
stability.
The inventors of the present invention have conducted
intensive studies to attain the above objects and have found

that not only carbon tetrachloride and a chlorine molecule



10) US Patent Laid-Open Publication No0.2002/0188156-A 20 DISCLOSURE OF THE INVENTION
It is an object of the present invention to provide a process for producing carbonyl chloride having a
low total content of impurities and a good color. It is another object of the present invention to provide
a process for producing 25 carbonyl chloride, whereinthe deterioration of a catalyst is suppressed and

long-term continugus, operation iéé’?ﬁ%i%?r chl'cBPi%i:!' %%%hgiggje&tﬂ%'ﬁneiﬁree%%@ié”c‘:’&f@on to
provide a polycarbonate resin"having a [éw content of a 30 metal corrosive substance, a good color
and high moldisgteat stabiity. inf Ienpmenrns ot e present mfentorphayd cohdustédéntensive

studies to attairgﬁtpf @@l%vecgtijggsaq{@ %\@a@ugglﬂggtsq%p%ggr@@lgﬁggag}logde and a chlorine

molecule S contained in carbonyl chloride but also a bromine molecule exert a bad influence upon the
color of carbonpidiiGiideand fite E616F Bn@pietanestrdsiomresisthnee bf pbichRsonate resin

obtained fiom carbonylghigride.,& Thawhave sanducted furtherintepsive studies and haye found that

carbonyl chloride having low contents of carbon tetrachloride, a chlorine molecule and a bromine

molecule can bEPFBEUESE by IRTRPEVD. difetert CahRsNAIchANEPRERTEECIP SR TR SPecific

surface area. 10They have copductad sill durther intensive:studies apddiaye found . pracess for
producing carbonyl chloride, wherein long-term continuous operation is made possible by optimizing

the use ratio arftPPaRfclR e aRtibYgRL T (hedh: dfRTsTt caalRiy THe prédehdiddstion has
been 15 accomplished hasedendhesanfingings.fi ¢ Eoatis.caccordiag to the present invention, the

following inventions are provided. 1. A process for producing carbonyl chloride, comprising the steps
of: 10 They have conducted still further intensive gtudies
and have found a process for producing carbonyl chloride,
wherein long-term continuous operation is made possible by
optimizing the use ratio and particle size distributions of
the two different catalysts. The present invention has been

15 accomplished based on these findings.

That is, according to the present invention, the
following inventions are provided.
1. A process fox‘producimg‘carbbny& chioride, comprising
the steps of:

20 (i} bringing chlorine and carbon monoxide into contact
with a first catalyst having a specific surface area of 200
to 80¢ m*/g; and

(1i) bringing the obtained product into contact with
a gsecond catalyst having a specific surface area of 800 to

25 1,500 m’/g.

2. The production process in the above paragraph 1,
wherein the filled volume ratic of the first catalyst to the
second catalyst is 4/6 to 9/1.

3. The production process in the above paragraph 1,

30 wherein the first catalyst and the second catalyst are both
activated carbon.

4. The production process in the above paragraph 1,
wherein the average particle diameters of the first catalyst

and the second catalyst are each 0.5 to 5.0 mm.



¢« 20(i) bringing chlorine and carbon monoxide into contact with a first catalyst having a specific surface
area of 200 to 800 m2/g; and (i) bringing the obtained product into contact with a second
catalyst having a specific surface area of 800 to 251,500 m2/g. 2. The production process in the
above paragraph 1, wherein the filled volume ratio of the first catalyst to the second catalyst is 4/6 to
9/1. 3.The prgductio rocess i ut(gleﬁljt%iove rpegggrsaphnl, t?ig wh%rein the first cata| sidand the
second catalystTare bot activate ca%bon. e prodluction %rg”ce%‘éeln?ﬁg %%\%?}pya graph 1,
wherein the average partitlead mvmtergeobtetfirst eatil ystand:tbecse cdrrd Latalystareséaet 0.5 to 5.0

mm. 6 5. The production proc inthe e paragraph 1,.wherein éhe average particle diameters
of the first catal%ﬁ%n%{%egsée%ﬁé c%%a ?s%t?é%r\{e: e%%ﬁ 10 ?214?O'r}érllmt.o ."Phé‘ﬁn I|§r'oduction process in the
above paragraph-1, 5 wheteipthelabbietoptaet sssarfied bhtatd pressure 9f0451010.50 MPa

(gauge pregsurg),oL-cthe prarlucling prorsse o iha goaus pawgragh 1, whergndie ehlaiged carbony

chloride has a carbon tetrachloride content of 20 ppm or less, a chlorine mo 10 content of 20
ppm or less and®abrof & noledifacdtenoss IO ppRaiEess when the cumulative production of

carbonyl chloridg basedn 130 the catalyshis2 0 % 106 ky/m3,and 1.6, 107 kgim3, 8. The

production process in the above paragraph 1, 15 wherein the obtained carbonyl chloride has a carbon
tetrachloride cortstt®t 20 BPfeds & ehfe Rl ctlelssmERt 611D Ppradsrtess and a bromine

molecule conteptef,% pRM-QI:I@ss whanthe symula '%%%Qd}'@@.%ﬂ of carbenyl chlgride baged on 1 m3
of the ca':%lést is 2.0 x 106 kg/m3 and 201.6 x 107 FI;’I%m?,. 9. Carbonyl chloride having a carbon

tetrachloride cofitdht B 20WprhABEs °F chftihe il EciiE WBHTEh I DO PiR G1B8€8BARdE bromine

molecule contentofskhppmn arless.«#a:10 tA dreeassifar pradusingsa pelysarbanate resinpy reacting
a dihydric phenol with the carbonyl chloride of the above paragraph 9. 11. A polycarbonate resin

having a carborf fetRichtti & 8&itenot Pt of Rés € 3aHiB e wom- Qorteht of < HBm3stFor less

and a bromine atom gontehtied G5 ppm or less. 12. A molded article obtained by melt molding the

polycarbonate rgsin of the abovecfar raph 11. In this text, the chlorine molecule is a molecule
S Fas%

formed by bondirig two chforfie atom GeneraRexibientas ¥oVe paragraph 1,

15 wherein the obtained carbonyl chloride has a carbon
tetrachloride content of 10 ppm or less, a chlorine molecule
content of 10 ppm or less and a bromine molecule content of
5 ppm or less when the cumulative production of carbonyl
chloride based on 1 m’ of the catalyst is 2.0 x 10° kg/m® and

20 1.6 x 107 kg/m’.

5. Carbonyl chloride having a carbon tetrachloride
content of 20 ppm or less, a chlorine molecule content of
20 ppm or less and a bromine molecule content of 10 ppm or
less.

25 10. A process for producing a polycarbonate resin by
reacting a dihydric phenocl with the carbonyl chloride of the
above paragraph 9.

11. A polycarbonate resin having a carbon tetrachloride
content of 2 ppm or less, a chlorine atom content of 1 ppm

30 or less and a bromine atom content of 0.5 ppm or less.
1z. A molded article cobtained by melt molding the
polycarbonate resin of the above paragraph 11.

Inthis text, the chlorinemolecule is amolecule formed

by bonding two chlorine atoms and generally existent as a



7 gas in carbonyl chloride. The chlorine atom content of the polycarbonate resin is the total content of
components corresponding to a chlorine atom out of the components of molecules containing 5 a
chlorine atom, such as a chlorine molecule, a chlorine bromide molecule and a carbonyl chloride
molecule. In this text, the bromine molecule is a molecule formed by bonding two bromine atoms

and generally 'sgeggla%?lgggﬂ%fa@@gﬁlagr_ide. 10The bromine atom content of the polycarbonate
resin is the total content of components corresponding to a bromine atom out of the components of

molecules containing alitentiheé erdmesadivas obrodfine pioleteler alohteriiobmisideandlecule and a
carbonyl bromide malgculs, 15 BRIEE DESCRIBTION. 0 THE.DRAWINGS : 1 Fig- 3 Shows a

molded transparent head lamp lens for automobiles'molded in Example. As shown in the figures, the
lens is shaped #ikd- aidierrea FRM[P1] iSh fBAt IRWPENEM e AEalIARPUSRsS (e iniview on the

surface of & plajen gt the imepf mpldipg T hgrefare-this aleaishe dpaximum; prigctionarea) and
Fig. [1-B] is a sectional view cut on line A-A. Explanation of reference numerals 25 1. head lamp lens

body 2. domeiREPBSRRAGTIERS {5ofetoR sIFQFashofls 6 AdRoTEbIE I8y 3. peripheral
portion of lens 4. gate, afmeldadiarticle: vigthref 30 mun <iBickaess gf gaie 30 porigpi4 mm) 5.

sprue (diameter of gate portion of 7 mm) 6. diameter of peripheral portion of lens (220 mm) 7.
diameter of dofé PSRBATT IEHE (BEE TS S HelhASFHGHB of fersH @B nfs) B 97 thickness of
molded lens (41AM¢arbonyl chioride.

10 The bromine atom content of the polycarbonate resin
ig the total content of components corresponding to a bromine
atom out of the components of molecules containing a bromine
atom, such as a bromine meolecule, a chlorine bromide molecule
and a carbonyl bromide molecule.

15
BRIEF DESCRIPTICN OF THE DRAWINGS

Fig. 1 shows a molded transparent head lamp lens for
automcbiles molded in Examplie. As shown in the figures, the
lens is shaped like a dome. Fig. [1-A] is a front view of

20 the head lamp lens (projection view on the surface of aplaten
at the rtime of molding. Therefore, this area is the maximum
projection area) and Fig. [1-B] is a sectional view cut on
line A-A.

Explanation of reference numerals

25 1. head lamp lens body
2. dome-like portion of lens (projection side corresponds
to a movable mold)

3. peripheral portion of lens

4. gate of molded article (width of 30 mm, thickness of gate
30 portion cf 4 mm)

5. sprue (diameter of gate portion of 7 mm)

6. diameter of peripheral portion of lens (220 mm)
7. diameter of dome portion of lens (200 mm)
8

height of dome portion of lens (20 mm)



BEST MODE FOR CARRYING OUT THE INVENTION The present invention will be described
in more detail 5 hereinunder. <carbonyl chloride production process> The carbonyl chloride

production process of the present invention comprises the step of bringing chlorine (maybe referred to
as "C12" hereinafter) and carbon monoxide 10 (to be feferred to as "CO" hereinafter) into contact with

a first catalyst ig a fj{ﬁtirg}gﬁgog @”wam% gd?ee&oggﬁgtams%pn second reactor to react them together.

(chlorine) The bromine atom content of chlorine used in the 15 reaction is preferably 150 ppm or less,
more preferably 125 ppm or less, much more preferably 100 ppm or less. The bromine atom

content is the agrount,of 3brepyne atom contaiped %c%ggm(gﬁntaining a bromine atom, such as

a bromine molecule and chlorine bromide. When the bromine 20 atom content is higher than 150 ppm,
the bromine molecule coReRESEERBORYVEMEHEE BEEbMES HigFet thar d G ppreaRdds paliytarbonate
resin obtaiged framdhis gajhenyl chloride is apt to have a bromine atom content of more than 0.5 ppm,
thereby causing a problem with the quality of the 25 polycarbonate resin. Chlorine having a low

content of a broTAfeRRBMlcaibE hrofudEHBHIHFLHGUs MERRRIEStich as electrolytic soda method and

Towns method. Out of thesectheriggtrolytic sedamethed issmnosheconamical and epramon.
30(carbon monoxide) The sulfur atom content of carbon monoxide used in the reaction is

preferably 10 pBATGFREs MASFE bretBrabRyB ppiit or a8, MUER Mbreprefsrabl G5 i Be less.

When the sulfur atopieontent of-earhen seonoxide s highes thesrd 016, & thessulfenatemeontent of
carbonyl grolloride be%omesr?i?fheré]han S%P m,.and on,carbonat(? resin obtained from this carbonyl
chioride is Gpt toHaveta STfiTAt6M Eohtefit of Mord THan 155 BEB, thefsty GRISHAT pfobRm with the
quality 5 of the pdiycarbarate igsin. in a Earon meeroxide hraving wtsulfue atord cerientef-10 ppm or
less is obtained, by bringi@g o rp:%ré g]:ocprox'%dcg obtaiq:eolt gﬂeagtipé% cgke with oxygen into contact with

. 17 a S . . .
activated carbon or activated alumina |mpregn5?ea(lzlcwnh ametal 5e§ %atalyst, 10 such as an oxide

and/or a salt of aciméetat sweh as copper (Cu) , chromium (Cr) , vanadium (V) or molybdenum (Mo) and

then with a caustic sodﬁlﬁgu}gggﬁéﬂgltiggogr B%QQ_@Q}QQ é&in&qjg%g?ﬁgwlﬁg %Cf;aﬂ%ti %ggseiﬂiléeous

solution and then with activated alumina. 15 (specific surface area ot catalys
surface ak@a ofthé Fifstwataly P tisée TinthevTifst PeRBIOroy 20096 SO0HR/grisrEtarably23a %o 750

m2/g, more preferably, 36Q 10,7009 2FEhe, sRedlfic, syace,areanf the secand catalyst used in the
second reactor is 800 to 1,500 m2/g, preferably 850 to 1,400 m2/g, more preferably 900 to 1,300

m2/g. When the speéifieEGHace afdePdf FieitirsicatalystidGepredentePby X MPRTANE the
specific surface;aega 8bntained in a compound containing a bromine atom, such

as a bromine molecule and chlorine bromide. When the bromine

20 atom content is higher than 150 ppm, the bromine molecule
content of carbonyl chloride becomes higher than 10 ppm and
a polycarbonate resin cbtained from this carbonyl chloride
is apt to have a bromine atom content of more than 0.5 ppm,
thereby causing a problem with the quality of the

25 polycarbonate resin. Chlorine having a low content of a
bromine atom can be produced by various methceds such as
electrolytic scoda method and Towns method. OQut of these,

the electrolytic soda method is most economical and common.

30 {carpbon monoxide)
The sulfur atom content of carbon monoxide used in the
reaction is preferably 10 ppm or less, more preferably 5 ppm
or less, much more preferably 0.5 ppm or less. When the

gulfur atom content of carbon monoxide is higher than 10 pm,



25 the second catalyst is represented by Y m2/g, (Y-X) m2/g is preferably 100 to 1,300 m2/g, more
preferably 200 to 1,000 m2/g, much more preferably 300 to 800 m2/g. In the present invention,
the reaction temperature in the first reactor can be reduced by limiting the specific 30 surface area of
the first catalyst used in the first reactor, thereby makifg it possible to reduce the amount of the formed

carbon tetrachl(grljlcée. 1 \yhag{l hecrgggtei%n terpperatur in.the first reactor becomes low, the
reactivity of the cataﬁ/gt ggcomegtr?ow 10 wTﬁereby %n%%?}falcéai&%r%e gmeocfggllﬁg é%nlog\gr}? Unreacted
bromine molectibaite apPrrenaait. Thps yisen thenetierine mioteiliée andalde Hramingtmslecule

remain in carbanykehlgyde i, K08 quanlies, ihease.cantaingd g the polygarhanale s iggin finally,
thereby deteriorating the quality of a polycarbonate resin product. Therefore, in the present invention,
the amounts of Te& feSiddal EAlb BN mEleelRinh g IS idxidadb brsrire wididctlecamirsiiced by

installing the secpndygacior filled-withthe seeend, catalyst having a 10 specific surface area of 800 to
1,500 m2/g after the first reactor. (type of catalyst) The types of the first catalyst and the second

catalyst 15 are not partfcttRRAIMTBERZARY gerdidofidcatdiyst RaAmEmR evedpabifitbsurface area
may be used asthe satalys! for this feactign pActivgten; cathonsatalstsare-0en ysed indystrially as

the first catalyst and the second catalyst but a porous inorganic catalést such as zeolite may 20 also

beused.  ThEACHVARFEADIN Eatastd S MAbiRlY QS BecASE thefd Hr& it WRpRty of the

catalysts, their prices einehdisposal:easts aregelaivelydaws iand dheirhandlipganddisnesal methods
are simple, However, they have a bi 6%? problem?é?at carbon tetrachloride is readily formed by a
side-reaction b& r?gc%{}a?éi&%grg 4Rd & Fiforin€ MBIGKTE WHEFASHOrGRTE cHtast such as
zeolite is used, ¢he ternatiofCef catkomteirachloride eandie sdeprasses siuetaithshabsenee of carbon
in the reaction séysé%rg.slalggvevgr 30asing% Ltlge c%tf‘l%/gt IS inferiorkt)o ctivated carhon in reactivity, even
when it is used alone, 1t'is difﬁcfﬁ?to Sptain car%ony clh%lrldeoﬁawﬁg ?glhng&rri]t%. 1’ﬁe|;é?(§r%, it is desired
to use the inorgamiv:eathlyst hcembinationowitb diee agtieated cariort catalystid hen Whelpresent
invention is ch ter] y ifgmg combination of the specific surface areas of the first catalyst and
the second ca%%gtgéjsé&%gco%dltlon %r obtaining carbonyl chloride having high purity by 5 suppressing
the by-pré8uction of carbon tetrachloride. Further, since high-purity carbonyl chloride can be obtained

continuously for alanpg ¥me indystrially Dy imityg the filled.uojume ratio and catalyst particle diameters

of the first catalyst and the second catalyst, the process for 10 producing the carbonyl chloride will be
described as well. (filled ¥®IiRE Fatfo- 6f first Earfystierrl sdcdritecdtilysh Aedardingtiostadies

conducted by theinveatars,of the present invention, ivasourd thatyhen.a ggihpnyk ghiogide 15
forming reaction is carried out continuously for a long time, the catalyst gradually deteriorates from the

upstream side €& gls/Ghartiel Snd 5L Fdattion 2BnE Grddially rdves toward the downstream
side. Therefore, it was foundsthat even whe's thecamesut of byreraducsd carhon tetsachigeide is

in the second reactor is 800 to 1,500 m®/g, preferably 850
to 1,400 m’/g, more preferably 900 to 1,300 m?/g.
When the specific surface area of the first catalyst
is represented by X m?/g and the specific surface area of
25 the second catalyst is represented by ¥ m’/g, (Y-X) m?*/g is
preferably 100 to 1,300 m’/g, more preferably 200 to 1,000
m*/g, much more preferably 300 to 800 m?/g.
In the present invention, the reaction temperature in
the first reactor can be reduced by limiting the specific
30 surface area of the first catalyst used in the first reactor,
thereby making it possible to reduce the amount of the formed
carben tetrachleride.
When the reaction temperature in the first reactor

becomes low, the reactivity of the catalyst becomes low,



20 small at the start of the reaction, as the reaction rate in the second reactor increases, the amount of
the by-produced carbon tetrachloride grows, which is expected to become a big industrial problem.
Then, when studies were conducted by changing the volume ratio of the first reactor to the second 25
reactor, it was found that high-quality carbonyl chloride’can be obtained for a long time by setting the

volume ratio to an.aprroptiate Male, -«  oThatis as,the.gondifionundey V&*}{%H'&%ﬂﬁw& carbonyl

chloride can be producéd continuously for a long 30 time, the filled volume ratio of the first catalyst to
the second cat&ySHspRefstaBiu/6 % B Thd fIEgVdLime ratils mdhepreferabhl 5/51068/2,

particularly prefesally:6(4 1943 nb2{Paticie diametarf calalysh) 1 n ~Ehe a¥sraYe Patticle diameters

of the first catalyst and the second catalyst are each preferably 0.5 to 5.0 mm, 'more preferably 1.0 to

4.0 mm, much fribrerSfefity E B8 3.6 5. IWReRIRE alBR d pdri@eaneteididEnaller than

0.5 mm, net onhephysical hadipfluencessyghasdbe deteriaration akhapgdling.gasgrand an increase in
pressure loss but also chemical bad influences such as an increase in the amount of by-produced

carbon tetrachBfide GREIG LS FEdLtivity 3ndThe redlETGEO e I of e EHEFE Ere

conceivable. Whendhe ayverage particlertdiameters aredargen fiar 513 mm.d eastivity: becorzes
unsatisfactory, vﬂw{eereb% ﬂéle C Iggine molecul(?L and the bromine molecule are % to remain in the
ided

obtained carboh{fchiG VRGBTl S (8 attioh ERPERILRY 1S TRLrea&ishe
temperature in #lee-first reaciortispréfetalely 300tth 650L, srarerpteterably 350 th6006; much more

preferably 400 to 550C. The reaction temperature in 20 th ndueactor is preferahly 35 to 90C,
more pre%(eorablﬁafa%%b%,sﬁgg% %%rgrp%fe?ablgi%%%%&%% Dﬁf ir%# Feea%tgrhaen? )t%:esgecond
reactor are prefexablyyconnected in series. According to the circumstances, the catalysts maybe filled
in layers from the upstream side of 25 one reactor to the down stream side to prepare a first reactor
and a second reactor. Preferably, the reactors have the function of removing reaction heat.

Another reactor Aiayebecfurtiret tsraitfed before the first reactor, between the first reactor and the
second 30 reactor, or afier the.second reactor, Thedotal pymberof reactors to,henstajled is

preferably 1 to 5, more preferably 2 to 4, much more preferably 2 to 3, particularly preferably 2. 13 first
reactor istpreferally 1L PRCE 070 Labte ple@idhifl.07016 POLOUWHERIth hslas Fatittis too high,

the yield may lewern As rrans shiadusing the;ameuntafcarhor tetrachloride, S is,conggivable to
reduce the amounts of CO and 012 gases and the amount of heat generated in the reactors. In this

method, produiity ¥ fow & it - GifiEaIt to-ohtain A<uHGS R MOERPE! EallfonyFERGHER. Another

method is to separaie cabenyhehlotidedyidistilation. Howevera1Q this methed rarelehas the effect of
reducing the amoun%é%hg chlorine molecule and the bromine molecule, and high-purity carbonyl

chloride cannotB& db¥aired bnif B s MathGEEIhtE F8diBarda eqlibmMaT RG8YAITETBY the
disposal pb carbastettachlorie®.collected by distillation,

The activated carbon catalysts are widely used because
there are a wide variety of the catalysts, their prices and
disposal costs are relatively low, and their handling and
disposal methods are simple. However, they have a big

25 problem that carbon tetrachloride is readily formed by a
side-reaction between activated carbon and a chlorine
molecule. When an inorganic catalyst such as zeolite is used,
the formation of carbon tetrachloride can be suppressed due
to the absence of carbon in the reaction system. However,

30 since the catalyst is inferior te activated carbon in
reactivity, even when it is used alone, it is difficult to
obtain carbonyl chloride having high purity. Therefore, it
is desired to use the inorganic catalyst in combination with

the activated carbon catalyst.



15 this method is not preferred from the industrial point of view. (reaction pressure) In the present
invention, the reaction pressure in the 20 first reactor and the second reactor is preferably 0.05 to 0.50
MPa (gauge pressure, the same shall apply hereinafter), more preferably 0.06 to 0.40 MPa, much
more preferably 0.07 to 0.30 MPa. When the reaction-pressure is higher than 0.50 MPa, the reaction

rate becomes high, wharely e teaction 2r.iempstalie Begomes igh with fhe fesull ihat fhe carbon
e high.

tetrachloride content of carbonyl chloride may becom When the reactioh pressure% fower than
0.05 MPa, the reaeticiatd Becoieshiso sow owhidre by hufreamemas of tie thierifé nsdlecule and the

bromine moleculgugmain ingasbomd 30-chipride. cannotreact even inthe second reagtor and may

remain in carbonyl chloride. Carbonyl chloride obtained by the above reaction method can be
cooled by a cortferReP#rEUGH WP Brikd pasdeicakd Stored g iqwefis-ta®Bnyl chloride storage

tank. 14 (qualitygfeaseonyh ghlordel - piiess-thenuality-efgashond chloride s fully maintained
fora long time, it is unworthy of being used for 5 industrial purposes. That is, to use it for industrial

purposes, evert A TAE refatirety SHERIP e tHe SR Bt USiAG 1RE tauyaR Herdxanigiedthe

production of casbenykehieride, ist20 x:106kg/n3 hasee an d-m3:0f B cajalysthand even after
long-term use (for.example, the production 10 of carbonyl chloride is 1.6 x 10 kg/m6 based on 1 m6 of

a catalyst), high-qaaffty CATBOIYE chftrice At B2 bt EdRRASy 1o AceBRiRT o e pRcess for
producing carbdriy chlaridexifthe pseserthrventioanat ary-timeavhen the Freumulativeproduction of

carbonyl chloride based. on 6 of a catalyst is 2.0 x 106 kg/1116 and 1.6 x 107 kg/m6, the carbon
tetrachlorﬂlE e cd%)féjr%%cfjtﬁlg 0 %nga Ié%r n()%%s/l %%ﬁo'rlgie wgé]}e%ﬁcé?oeﬁ)cfﬁ]%% 3F1e% the chlorine

oridecanb
molecule content can be reduced to 20 ppm or less, and the bromine molecule 20 content can be

reduced to 10 p ) Pf 1883, o1 udUtinen, at y.time when the cumulative productio fcarl;onyl
chloride based (@%& 1 mJ% of aol cgta?ystgl% S‘Ooif‘lgé E?rﬁéjgnt [}%S;(él@fl gf’rﬁg?fﬁ%j 8%%%0%3{5’{? chloride
content of the obtained?carisa1di el dride baddrsregdurbadaostd ippri2s oniessithesbroiniie molecule

content can be feducack o 10 A 0 less. aad the Riaming imolechle canigphean e reduced to 5 ppm

or less. <carbonyl chloride> 30Carbonyl chloride obtained by the carbonyl rde progulcti%n process
of the prelsent ihP&RtigrhES 3C¢rBBn! R tPacHidRie CohteRNGi20ppmlar fess 2a bhiaine nwolecule

content of 20 ppREOkIess Apgka Sromingimolesile content o106 pom ohless, <15 1bg carhan
tetrachloride content is preferably 15 ppm
of a gas channel and that a reaction zone gradually moves
toward the downstream side. Therefore, it was found that
even when the amount of by-produced carbon tetrachloride is
20  small at the start of the reaction, as the reaction rate in
the second reactor increases, the amount of the by-produced
carbon tetrachloride grows, which is expected to become a
big industrial problem. Then, when studies were conducted
by changing the volume ratio of the first reactor to the second
25 reactor, it was found that hich-guality carbonyl chloride
can be obtained for a long time by setting the volume ratio
to an appropriate value.
That is, as the condition under which high-purity
carbonyl chloride can be produced continuously for a long
30 time, the filled volume ratio of the first catalyst to the
second catalyst is preferably 4/6 to 9/1. The filled volume
ratio is more preferably 5/5 to 8/2, particularly preferably
6/4 to 7/3.



or less, more preferably 10 ppm or less, particularly preferably 5 ppm or less. The chlorine molecule
content is preferably 15 ppm or less, more preferably 10 ppm or less, 5 particularly preferably 5 ppm or
less. The bromine molecule content is preferably 8 ppm or less, more preferably 5 ppm or less,
particularly preferably 3 ppm or less. When the carbon tetrachloride content of carbonyl chloride is

higher than 20 R%@rg@cg@o@qeam%qjlgfog%é%g&pigher than 20 ppm, or the bromine molecule

content is higher'than 10 ppm, the color of carbonyl Thloride becomes worse, a polycarbonate resin
having a carbon tetrachi\fd & ¥6AtefieoP2 Ppht b lebsamahsrinecdonitent 6f & ppnratidsssand a

bromine conten g50apBLRRsS s 86t alaingd, 15.anl hebiaingdpalycarbgnate resi
|

deteriorates in color and metal corrosion résistance and cannot be used in a wide variety of fields.

<polycarbonateesmPIETTE polarbohate résif 6Fine e emmemionteirabd pradicddby
reacting a dihydyicophenol with:canheny shloside having rscathonstetraghioride content of 20ppmor

less, a chlorine molecule content of 20 ppm or less and a bromine molecule content of 10 ppm or less.

25Examples of the’ diiffdrit pheRBriKcREEHytRdgdiAGne e ot %, 8usBhasolt he

1,1'bi5(4'hydf0&&%ﬁ‘w®ﬁﬁtalmMWA&M&@XWM@@@D%WQQMW%W@@éd'?@phem'
A", 2,2-bis(4-h¥droxy-3-methy|phegl)é)ropane, 2,2-his(4-hydroxyphenyl)butane, 30
1,1-bis(4-hydroxyBieny Y- 12piehy TetARA& 21, %@(41. drasPiEhy B boRExate, increase
1,1-bis(4-hydroxypheaydna,5,5-tifniethyteysinhexane 2 2-his e Rydaxypheny pentane. gh
4.4'-(p-phenylenediisoprapylidene)diphenol, 16 4,4'-(m-phenylenediisopropylidene)diphenol,
1,1-big(4r11ri€droiﬁs}%:é:r%\ﬁ%is%%%o%ﬁ%y%%%%%gﬁg, |gs4- li/%r)éigﬁhgﬁyﬁ&gd‘é?taly% are
bis(4-hydroxyplkemydysuifide] bis(4¥iyenoxiphenyhsglitopide £ 5 bis4stpdroxypheaylsulfene
bis(4-hydroxyp ket bis(4-hydrox; ster, .
2,2-bis(3,5-dibr%?{n%%4kfﬁfdrﬁ?<y;ﬁ%ﬁ%?é%%gg%fg%%?’diﬁosr%&ﬁﬁ?&r%%%’heﬁ“’%?sruef%%eﬁhe
bis(4-hydroxy-3-mettiyipisetig)stifides 209, 9lvigtichydrozyphéaytifiorene apd to remain

9,9-big(4-hydrOfM-SC-g@t@gQggqyé)guggejg@oﬂ')hfyéﬂg)épg &Jgegﬂ%%%yg?g%g%@ ijon of two or more.

Out of these, bis(4-hydroxyphenyl)alkanes are preferred, and especia enol A (may be
abbreviatktl as "EPA" hereinafter) is 15 commonly used. For the manufacture of a polycarbonate

from the above dibygriciphenalapd-the gbgye carbonyl chloride by interfacial polymerization, a
catalyst, a terminal capping agent and an antioxidant for preventing the oxidation of the 20 dihydric

phenol may be optionaly*Gs&& e pBlyEAMBRRER- HiEy b a bishdheaSioly@RBERAteisbtained by
copolymerizingm-pélyustionabararpatic compauneehayiag S-annere funetional @reups Examples of

the polyfunctiopnacl)lraerograéi%grogn ound having 3 or more , ,
y 400 to”550°C. The reaction temperature in
20 the second reactor is preferably 35 to 90°C, more preferably
40 to B0°C, much more preferably 45 to 70°C.

The first reactor and the second reactor are preferably
connected in series. According to the circumstances, the
catalysts may be filled in layers from the upstream side of

25 one reactor to the down stream side to prepare a first reactor
and a second reactor. Preferably, the reactors have the
function of removing reaction heat.

Ancther reactor may be further installed before the
first reactor, between the first reactor and the second

30 reactor, or after the second reactor. The total number of
reactors tobe installed is preferably 1 to 5, more preferably
2 to 4, much more preferably 2 to 3, particularly preferably
2.

The CC/Cl, molar ratioc of CO to Cl, introduced into the



25 functional groups include 1,1,1-trig(4-hydroxyphenyl)ethane and
1,1,1-tris(3,5-dimethy1-4-hydroxyphenyflethane. When the polyfunctional compound forming a
branched polycarbonate is contained, its amount is preferably 0.001 to 1 mol%, more 30 preferably
0.005 to 0.9 mol%, particularly preferably 0.01 to 0.8 1% based on the whole amount of the
polycarbonate. ... T, | izafi ' n%t e carbgnate by interfacial polycondensation is
generally a reaé%o%sli%vgge%%ih@éd IC §i?egr%[c%%a? %ér%%%/yﬁgh o’r%lz(fr‘l the Ib?eggremgee gf—’l gl Yan acid
binder and an okg&Rie $ehvéntC50 . EXdmpldsef thelacidtsiider insludeatkatimetdldydredides such
as sodium hydrﬂé@gelmgegqtassium hydroxide, and amine compounds such as pyridine. 5Examples of
the organic solvent include halogenated hydrocarbons such as methylene chloride and chlorobenzene.

A catalyst such as a téfid§psirel & egaeknarF ammehinim ednfpoteerot atquredrhani gresphonium
compound=exemplified by-{Hethylamige; tetra-grutylamamonivnm Promide-and 19 1, gages

tetra-n-butylphosphonium bromide maybe used to promote the reaction. The reaction temperature is

generally 0 to A€ thE Fedtiitime is BBBGt I6RTRA{eRY0 T hEHS, BREPHPEErNgTHe FBAStON is
preferably keptra Srasamore:dathe-pelymerizationseaction; 8 ternigakearning 16.agant is generally
used . A monofunctional phenol maybe used as the terminal capping agent. The monofunctional
phenol is prefefabl phiero Sp-tert BoBShéHol OF PETRIpREHSITOtifer efainpleSHftRe hod
monofunctional:pherokiaplide raonafinstipnatphenclsavhgse npeleus is substituted By @20

long-chai Oalky‘: roup h%\ﬁn%lo or more carbo%ato $ such as dec (%%génol, dodecyl phenol,
I

|
tetradecyl phenol Hexadenyi hHehoT ottadacyt BRefoi §tospHerdr Ut syh &t @ riacontyl

phenol. The phefioklies thieleffectof imdreving:fluidity ahe résistanee tanbyarelysis. These 25 terminal
capping agent be used alone.or in comhination of two or more. The viscosity average molecular
weight of the psaryggrb%ﬁgﬁe%%ﬁﬁ%g Rot) %%&?éﬁ%rﬁ%&?%v%@v%? Wwhen %nv't% c%é/itgf rage

molecular weigheistioder thdmge 19& R 10s nesthamicabpeoperties suchids édpactrstrangth deteriorate

and when the V‘isféﬁl § e u ight is.higher 5 104, moldahility, degrades.
Therefore, the viscogégayvé%fgge%%lgeﬁ:l%ﬁ%v%%%(?gg%fe(r:ﬁ; ?[dogé( %0819, tﬁg’dd' iqlltl)%t r%fg?é preferably
1.2 x 1049 3.0-R194MffleRd18 fnéretpreiadBlrES XG0 8 X noAd hthis lcased itis pbssible to
mix a polycarbgnatg having a viscosity average molecular weight outside the above range as long as
moldability is maintained. For example, it is possible to 5 mix a polycarbonate component having a
viscosity average molecular weight higher than 5.0 x 104. The viscosity average molecular weight
M in the presentiayentionis salcyiaied based on the following equation from the specific viscosity

(lisp) of a solution containin% 0.79 . , '
In the presgent invention, the reaction pressure in the

20 first reactor and the second reactor is preferably 0.05 to
0.50 MPa (gauge pressure, the same shall apply hereinafter),
more preferably 0.06 to 0.40 MPa, much more preferably 0.07
to 0.30 MPa. When the reaction pressure ig higher than 0.50
MPa, the reaction rate becomes high, whereby the reaction

25 temperature becomes high with the result that the carbon
tetrachloride content of carbonyl chloride may become high.
When the reaction pressure is lower than 0.05 MPa, the
reaction rate becomes too low, whereby huge amounts of the
chlorine molecule and the bromine molecule remain in carbonyl

30 chloride, cannot react even in the second reactor and may
remain in carbonyl chioride.

Carbonyl chloride cbtained by the above reaction
method can be cooled by a condenser through which brine passes

and stored in a liquefied carbonyl chloride storage tank.



10 of the polycarbonate resin dissolved in 100 ml of methylene chloride at 20C which is obtained with
an Ostwald viscometer based on the following equation. Specific viscosity (risp) = (t-to) /to [tois a
time (seconds) required for the dropping of methylene 15 chloride and t is a time (seconds) required
for the dropping of a sample solution] isp/c = [T] + 0.45% [n]2c ( [1] represents an intrinsic viscosity) [i]
=1.23 x 10-41e-83 20c = 0.7 To measure the viscosity average molecular weight of the
polycarbonate resin, the following procedure is taken. That is, the resin is dissolved in methylene
chloride in a welghtaafié vf 220°rbgnydolgbléanatieris collected 25 by cerite filtration, the solution is

removed, and the solublg, matter is,dried completely 50.35,19.08tain.a methyleng c@{piiflf-soluble solid.
ISC

0.7 g of the solid is dissolved in 100 ml of methylene chloride to measure the specific viscosity (isp) of
the obtained soRfiR-@ FTRSWithran 308 talEvisébnicterBY a5 tb CAdulnts g visteditycaverage

molecular weight{Msfremntheaboye eayationnar ;ACCOrdingda the present inyeation.a

polycarbonate resin having a carbon tetrachloride content of 2 ppm or less, a chlorine atom content of

1 ppm or less AR BRTFine 4B 3F0 Bohidht JiD-8 bhlifec3a3s bbtairdd By (difgkert

above-describedfcaibamy chigrideshaving teducedcontentis of impwities.-Tha polygarbgnate resin is
excellent in color and metal corrosign resistance, When ag;gone of the carbon 5 tetrachloride content,

the chlorine atofi oAt A1 fhie BISMME atorn LonkshtTs SRERR theaBo Rt rarngE alysifearbonate
resin which is infatioeiecolarfard mMetalocarmsion:asistance sehipned. The carbemtetraghloride

content is preferably 1. 10.0r less,.more preferably 1,0 ppm or less. The chlorine atom content is
preferabls):/t%ﬁ p%%r?l %?ﬁ?]sgsgﬁorg%{@%%%y 0% %pr{% Br égs. ?ﬁé%roﬁﬁﬁggt&ﬂ c%n‘fgnﬂg preferably
0.4 ppm or less;atoréypreferablycd3 ppai ok lessa Therpaly carbonrdtéaesinsef the piesebhimyention
may 15 containsq,_dadgt'i S which are generally contained in a polycarbonate resin, such as
phosphorus-based stabilizer, hindered phenol-based stabilizer, ultraviolet absorbent, flame retardant,

bluing agent, light diffudercantistatic hgenteompoand halirg meatday abgorynd oapdbility, 20
inorganic filler, fluidity madifier, @Hgb@ggg@gﬁge{gv@%ﬁataygt-%?eq Imgf%llg}g agent, infrared
absorbent, photochromic agent, dye and pigment. Another résin and @n elastomer may also be used in
a small afrountagbhgteas/ thecsls| et bi it plesentwantiontis avi fiephiree 2B rnokled &rticle>

Various molded;agtinles ¢ar besprodiiceds by mglding a,peletobtained;hy melt exruding.the

polycarbonate resin of the present invention. A molded article can be generally 30 obtained efficiently
by injection mofditd ARRERGA FroRTFReudss it BdpressisR FrbTding ifsétisn prass
molding, gas assistisfgctien meldingpfaammolding (inekding whateomprises the injgetiqn-of a
supercritical quidg, insert mglding in-mold coating molding, insulated
cah be reduced to 20 ppm or less, and the bromine molecule
20 content can be reduced to 10 ppm or less.
Further, at any time when the cumulative production
of carbonyl chloride based on 1 m’ of a catalyst is 2.0 x
10° g/’ and 1.6 x 107 kg/m*, the carbon tetrachloride content
of the obtained carbonyl chloride can be reduced to 1¢ ppm
25 or less, the bromine molecule content can be reduced to 10

ppm or less, and the bromine molecule content can be reduced

to 5 ppm or less.

<carbonyl chloridesx

30 Carbonyl chloride obtained by the carbonyl chloride
production process of the present invention has a carbon
tetrachloride content of 20 ppm or less, a chlorine molecule
content of 20 ppm or less and a bromine molecule content of

10 ppm or less.



20 runner molding, quick heating and cooling molding, double-color molding, sandwich molding and
super high-speed injection molding which are employed according to purpose. The advantages of
these molding techniques are already widely 5 known. The cold runner system and the hot runner
system may be selected for molding. The polycarbdnate resin of the present invention may be

formed into a profile extryusion.molded article , sheet.or film usion molding. Inflation, calendering
and 10 casting techniques may also be usedcto mo%d ae s%%e%gré %n?g P %rpolfféé?%%n%%n resin of
the present inveditionss excalfert iR E6IOe tedal stadilityrn tiectirhe s maldingiandlametat corrosion

resistance and gan pe ugedhin-optical products, aumoeilﬁ%lhgaéimfgr:%ﬂ@&%@s{&%@ 15
electric and electronic e%lpmen , and spectacle lenses. In addition, it can be used in windowpanes for
construction machies: HRilding3, FBlis€ ahl YPec ARG Y fiafpdlsy beluseina®ols 6t garages

and arcades. It gan bedurther yseddr dinminationlenses, teaffic lightlensesylensesAQ of gptical

equipment, mirrors, spectacles lenses, snow goggles, sound absorbing walls, windshields for

motorcycles, ndma5igs, 1818 liCovRIS, BIFRRIFFadeftte MAE scavierd foradhdplafs @il touch

panels. It can alse he:dsed frgame.machines searaspinpall maghines, cirgdit covers, 25 chassis and
parts such as pin ball carrier guides. Further, molded articles of the polycarbonate resin of the

present invention can b&&tbjddted TVRLS Siacd trednitntS SR rdde (&N such as
vapor depositionxauchi ds pghysicatdepesiianar shemicakdeposition): 3Gplating ésueh@sn
electroplating, nonelectrolytic plating or hot-dip plating), painting, coating and printing are used to form
a new Ia;{j&eé]on %%%&r?a%cee)é Iaqi/%fd%f %?eéiﬁf?nmaéd %%%CI r T RSShhith Sare Yenerdiy dsed for
polycarbonate fesgtane employed. ditre, surfacectréatmerfiscatinelyde baibedatng; savaiaegepelling
and oil-repellin ting, UV absorption coating, infrared absorption cpating apd metallizing (such as
deposition). 5 %(%%%p%ésa b & fol o?v?r?gtgxégreﬁ%fé}s %?evﬁ% ided ?orr%ﬁg p%frzgorsaecgl;?ﬁ]fth%g? illustrating
the present invertiorent e i pprway todrestakerchd dimiting astdarrgnasdliey gepmat depastfrom the
gist of the inventigy. ;Paisnue examples meapsdQ, paris by welght' and evaiations and molding
for evaluations were carried out by the following methods. (1) Bromine atom content of chlbrine A
sample sélitiorFfr@pared Bytdeconb osing dakbCoid ehlorineyatawirl 10ralcsis 20 96 1Na0H

aqueous solutigm,E5:having high-purity-dilutingthe.decomposition selytion 1010 fipes gnd filtering it
with a cation removing filter was |ntiected into an anion chromatograph (DX-300 of Nippon Dionecs
Co., Ltd.) to def&ifmirfe-the*dmbaft.6%x bromine ion. (2) Carbon tetrachloride content of carbonyl
chloride 201 ma of carbonyl chloride was injected into a gas chromatograph equipped with an electron

capturing detector (Model 263 of Hitachi, Ltd.) to be measured.
<poiycarbonate resin:

20 The polycarbonate resin of the present invention can
be produced by reacting a dihydric phenol with carbonyl
chloride having a carbon tetrachloride content of 20 ppm or
less, a chlorine molecule content of 20 ppm or less and a
bromine molecule content of 10 ppm or less.

25 Examplies of the dihydric phenol include hydroquinone,
rescrcinol, 4,4’ -biphenol, 1,1-bis(4-hydroxyphenyl)ethane,
2,2-bis (4-hydroxyphenyl)propane (commonly known as
“bisphenol A”), 2,2-bis(4-hydroxy-3-methylphenyl)propane,
2,2-bis (4-hydroxyphenyl) butane,

30 1,1-bis{4-hydroxyphenyl) -1-phenylethane,
1,1-bis(4-hydroxyphenyl)cyclohexane,
1,1-bis(4-hydroxyphenyl)-3,3,5-trimethylcyclchexane,
2,2-bis(4-hydroxyphenyl) pentane,

4,4’ - (p-phenylienediisopropylidene}diphenol,



(3) Chlorine molecule content and bromine molecule content of carbony! chloride 25A carbonyl
chloride gas was injected into a multi-wave type process photometer (Model 3401 of DKKDenki
Kagaku Keiki Co., Ltd.) to determine the amounts of a chlorine molecule and a bromine molecule. (4)
Color of carbonyl chloride 30The color of carbonyl chlbfide was checked visually through the internal
inspection windpw,of a,liquefied storage.tank for the formed carbonyl chloride. It was rated based on
the following fiv% ’c%iteri(arlr.] A@l %%@lﬁﬁéﬁ Jbgggr%gg%rbé%%eﬁr%&éj lc}f¥ 31/151 W becomes stronger. 22
Color rating 1: dimbsbéeloflesy Cotorating 21 linge 0Epeliovpisistighl Ciotoraating 3: tinge of yellow is
a little strong ColoL rating 4. t] @I@fg i§ strong.5, Color rating 5: tinge of.yellow is very strong

For color ratings 1 aﬁld%%(l)ut g%%ﬁ%se f?r%s,3|'tg|§ju(%egd?t%a?%%%ﬁﬁ%?ggrb%ﬁg%ﬁ%ﬁde is normal
and satisfactoryo Fof €oltrdatay Bheryduating 6tedrBenyl chloride is slightly abnormal. For color

ratings 4 agd SyQuiEis jdged-thatthe. qualify ¢f carbonyl chioride is ggggﬁ |..A palycarbonate resin
obtained by pol merizin%&%%e ca?gonyl crt?oride of color ratinlag 4%?5 gre y%%}@@d%&é%%ﬁ metal
corrosion resistahéd.4 (DCEPEEREERILAGE 6ntent of polycarbonate resin 15After 5 g of a pellet

was put into a 220,mbstainjess steel-cortainar, ihe sontainer was stoppered tightly, and the pellet was
heated at 250C for 2 hours, 1 ml of a head space Sas was injected into a gas chromatograph equipped

with an electrorPéSbtiriAg FERRABEMode 637 ofPhERAL L5} DONB measure the carbon tetrachloride

content of the pelycathonale sasina (REEChlpriseat9m) captentand bromine atom content of
polycarbanate resin A plate gbtained by thermally compression molding 25 polymer powders at 190C

was used-fb meastré e it SRR HRBHte Aot BraghaMtensity of a bromine atom with

fluorescent X-ray, (RIX2000-aiRigakiy DerkikogycoGenkid J.1 (H-Celer of pelwgashppate resin molded
article The Yl V%Igedof 12.0 mm-thick mrcn)ILdedaplate ob;f[\ined 30 by injection molding (SC260M-HP of
Sumitomo Heawy Mafsties, 1144t & Sihde? ierPerduld 8f 31080 8s caitthial f87ER, Y and Z

values obtainedby Medsming:travisenittéd dghtwiths the Z- 10QIRRP colbr-differense saaten of,Nippon
Denshoku CO"H%ptfq%sr?glor}&thfem%))uo\}lc\)lrianga%%uraetzi\%]ai@ea C(a),rsda‘rﬁSﬁy’itl’he reinafter) is
15 commonly used.

For the manufacture of a polycarbonate from the above
dihydric phenol and the above carbonyl chloride by
interfacial polymerization, a catalyst, a terminal capping
agent and an antioxidant for preventing the oxidation of the

20 dihydric phenol may be optionally used.

The polycarbonate may be a branched polycarbonate
obtained by copolymerizing a pelyfunctional aromatic
compound having 3 or more functional groups. Examples of
the polyfuncticnal aromatic compound having 3 or more

25 functional groups include
1,1,1-tris(4-hydroxyphenyl)ethane and
1,1,1-tris(3,5-dimethyl-4-hydroxyphenyl)ethane. When the
polyfunctional compound forming a branched polycarbonate is
contained, its amount is preferably 0.001 to 1 mol%, more

30 preferably 0.005 to 0.9 mol%, particularly preferably 0.01
to 0.8 mol% based on the whole amount of the polycarbonate.

The polymerization reaction of the polycarbonate by
interfacial polycondensation is generally a reaction between

a dihydric phenol and carbonyl chloride in the presence of



23 ASTM-E1925. As the YI value becomes larger, a tinge of yellow of the molded plate becomes
stronger. YI = [100(1.28X - 1.062)]/Y (8) Molding heat stability of polycarbonate resin 5The Y1 value of
a molded plate having the same shape as in the above evaluation (7) and formed from a resin which
was retained in the cylinder of a molding machine for 18 minutes was measured in the same manner
as in (7). The difference AYl.was obtair&ed by subtractin thf Y1 value of 10 the test sample before

. ISR bl? Cred anl Orgen c. 5o ve?§. : .
residence from the YFvalue of the test Sample arter residence.” (9) Evaluation of mold corrosion
resistance of polycarboBatamesimcatthe tinge efmdlding 260 transparént herd lampdenses shown in

Fig. 1 were 15 i inder, t erature of 310C and.a molded temperature of
80C with an inj?c%@ﬁ%ﬁ%n%%%ﬁi%%%%%ﬁ%%ﬁ §§r%l?c)r}§op ﬁeg\/sysﬁ%ﬁs%ﬁegslﬁ’_}f&g%hd then,
the surface of thémhetdlinsldavar subjéstesitota miﬁmaﬂﬁre&tment at a relative humidity of 100and
a 20 tempayature of 126G It At bows Ibsesye ine-caasion, of iesutfpcen The deotee of

corrosion was evaluated based on the following Tive criteria. As the numer omes larger, the
degree of corroSisATEBRIEE WigheEIC 8 ospRlTalirg . : dirhostinet cottbddd 25 Cmrosiaerating 2:

slightly corrode@%mﬁ%famﬁi morg corrpded Coupsion rating 4: puich-more garraded Corrosion

rating 5: greatly corroded For corrosion ratings 1 and 2 out of these ratings, 30 it is judged that the
quality of carboR§TERoTE RisisFRGEAIRF ther&iTeE Of LB oSPRYS dlee FaaTer Fof teffosion

rating 3, corrosien stightly pracesdseForearrasion rtasAand Dutt isiggeddhat.corrosion proceeds
to such an extent that the qualité/L of carbonyl 24 chloride is abnormal. When the polycarbonate resin of

corrosionrating™F 5F 8 18 mdided RhS SRS OFE MoRiHG M AINED PR SUrmasd 818 Heetdithold is
easily corrodedwétirthsiesultiofepearagualibh TEXa@plelire is generally 0 to 406°C,

the reaction time is about 10 minutes to 5 hours, and pH during
the reaction is preferably kept at 9 or more.

In the polymerization reaction, a terminal capping

15 agent is generally used. A monofunctional phenol may be used
as the terminal capping agent. The monofunctional phenol
is preferably phenol, p-tert-butylphenol or p-cumylphenol.
Other examples of the monofunctional phenol include
monofunctional phenols whose nucleus is substituted by a

20 long-chain alkyl group having 10 or more carbon atoms, such
as decyl phenol, dodecyl phenol, tetradecyl phenol,
hexadecyl phenol, octadecyl phenol, eicosyl phenol, docosyl
phencl and triacontyl phenol. The phenol has the effect of
improving fluidity and resistance to hydrolysis. These

25 terminal capping agents may be used alone or in coﬁbination
of two or more.

The viscosity average molecular weight of the
polycarbonate resin is not particularly limited. However,
when the viscosity average molecular weight is lower than

30 1.0 x 10%, mechanical properties such as impact strength
deteriorate and when the viscosity average molecular weight
is higher than 5.0 x 10*, moldability degrades. Therefore,
the viscosity average molecular weight is preferably 1.0 x

10 to 5.0 x 10*, more preferably 1.2 x 10* to 3.0 x 10%, much



(production of carbonyl chloride) 40C cooling water was let pass on the shell side of a
multi-tubular type reactor having the function of removing 10 reaction heat, and a first reactor filled with
coconut shell activated carbon (first catalyst) having a specific surface area of 400 m2/g and an
average particle diameter of 2.5 mm was installed on #%e tube side. On the downstream side of the
first reactor, 40 cQQli S let on the shell sjde of a multi-tubular type,reactor having
the function of r%r;n%vi%g%g%n egt,' gng?gécgédgrégc%iﬁled v%ﬁ %é}:%%u?%ﬁglll attivated carbon
(second catalysppisavikg a dpedificisarface neeabbaed mgamiarm avéryesdartickevdianmpter of 3.5

mm was 20 ins n-the t ide. . GON e g éﬂnlt&h - [ne was let pass and a
liquefied carborﬁ{?/élJ %%geﬁégit(gﬁzgggnfsv%%%stﬁg% ér?%ﬁ}egdgwns rea%gdgeﬂgf t%lvgsecond reactor.
These apparatusesdfdre Cohrietfedimiseric iebbtalfPZ5 eariany/ chibtideshyplestinigo1@. 30cNm2/hr of
a CO gas and 10:00 Nrp/hyefah2.gas ina00/K2malas 1ati of 1.030pass fram the first reactor at

a pressure of 0.15 MPa (gauge pressure). The filled volume ratio gf the first catalyst to the second
catalyst was 6. 131 e eactiohTBmperatire 36 e firdt Feakfor was 520C, and the reaction

temperature of the secarkkreagiopwas#5Ge 2ay Aludlite ef.0arbonyl ghloride whep thecumulative

production of carbonyl chloride (based on 1 m3 of a catalyst) shortly after the start of aeration became

2.0 x 103 kg/m3 [F&BIE 15 ANFTE GGG TF ChBSRY EMoride When T Ranfddive ShrbBR@tion of

carbonyl chlorige.@asedonei anaf £ataly sy aftel Ipngrtesmseneralion hesame; .66 Oy kgim3 were
checked and shﬁ?%/n in Table 2. (production of polycarbonate resjn) 10Then;,§i‘&;)olycarbonate resin was

produced ffom fe bbiRSd EarbarT e e 2To% F5s SERA-exctiah e vittePahE WS Barts of a
48% sodium hydixide dqueour Saluwiohanere fedite areactarequipped watha-themaemaeter, stirrer
and reflux Condﬁé‘s%h SghS parts E%@z M;g%l ofe 15 2,2-bis(4-hydroxyphenyl)propane and 0.12 part of
hydrosulfite were qissolved in the resuﬁlng Iutﬁ)%?ﬁ%ﬁnparts of methylene chloride was added to the
resulting soluticky andl 28:3 pars«f theraljque) carbanyl-chtonide-ywvas blown into the reactor at 15 to

25C under agitatjon.qver 0 mi S, After | chlaride was blown, 7.2 part oTJ[a 48 % sodium
hydroxide aqueag%%s é%l%tigr%g%w 2%%5%%{% c%‘?%?t%%étﬁ%&?e% wcgfgpapdld%% (t)o%t & ’%2%& ﬁﬁ}ég product,
the obtaidéd préfluctvigiestarted tohe sttmd dseenndsiied cQobpait Db tristhglamimeniag added and
further stirred at, 2528:10,33C. fark heur, and the reaction was terminated. After the end of the
reaction, the product was diluted with methylene chloride, rinsed in water, made acidic with
hydrochloric acitkaff rinskallinwatef Sard Whénahé tohduevityoiabwater phase besame equal to
that of ion 30 exchange;water, this methylene chloride solution was added dropwise to the hot water of
a kneader having an isolated chamber with a foreign matter take-out port in a bearing portion to
evaporate meth&ﬂ@ne:cﬁioﬁée ¥07ds t8 obtain polycarbonate resin powders having a viscosity average

26 20 ¢ = 0.7
To measure the viscosity average mclecular weight of
the polycarbonate resin, the following procedure is taken.
That is, the resin is dissolved in methylene chloride in a
weight ratio of 1:20 to 1:30, soluble matter is collected
25 by cerite filtration, the solution is removed, and the
soluble matter is dried completely so as to oktain a methylene
chloride-soluble golid. 0.7 g of the solid is dissolved in
100 ml of methylene chloride to meagure the specific
viscosity {(ng) of the cbtained solution at 20°C with an
30 Ostwald viscometer so as to calculate its viscosity average
molecular weight (M) from the above equation.
According to the present invention, a polycarbonate
resin having a carbon tetrachloride content of 2 ppm or less,

a chlorine atom content of 1 ppm or less and a bromine atom



molecular weigh of 15,100. The powders were dried at 145C for 6 hours, and 0.004 wt% of
tris(2,4-di-tert-butylphenyl)phosphite and 0.06 wt96- of monoglyceride stearate were added to the
powders. Then, 5 the powders were melt kneaded by means of a vented double-screw extruder
(KTX-46 of Kobe Steel, Ltd.) while deaeration was catfed out at a cylinder temperature of 240C to

obtain a polyca Qnate re 2 pgliet. evaluation results. of the obtained carbonyl chloride and
polycarbonate %%) resﬁlgrzjshgw‘% ir);l[ Qﬁbﬁ-:fl. %mp%% 2& %%at%l%%r%x chiorda aq%%ﬂa polycarbonate
resin pellet wereshitaingd s theosameanhomarlasinlExamplelbesicapt thatethecfitedeycleme ratio of

the fist catalystjo e seqond gatalyst s coanogia 8:140.9. The. exgluation fesls of (e obtained

carbonyl chloride and polycarbonate resin are shown in Table 1. Further, the evaluation results of the
obtained carboAAERIGHGE arR POkt Borafeliesiaker 20/ siy-46tvh operationr afe shoherin Table 2.

Example 35 (arbopyhchlaride and apalycarpanatgresinpeliet were.ghtaingd in fhe same manner

as in Example 1 except that 25 the filled volume ratio of the first catalyst to the second catalyst was
changed to 3.3/ PPERE e BHIOR GPTESE of ShEBBRINE E&BORYIEHIoFdEERd pdlycarbonate resin

are shown in Tablel Stiihes theavalyation resulisofithe obiajped carbonyl-chloddg ang;
polycarbonate resin after 30 long-term operation are shown in Table 2. Example 4 Carbonyl chloride

and a polycarbGRAE RS iRt P RBFE obtRir R HE Same manner as in Example 1 except that

the average particle diarnetessafibea firstealalysbwas<hangesio 5 pyas Ehewyalyationsesults of the
obtained carbonyl chloride and polycarbonate resin are shown in Table 5 1. Further, the evaluation
results ofthe oﬁéiggg tarBGhyi é?\llygr?aeer gr}’?ag%o}ycoar%%ﬂa?éf reSifiafteribfigtBiR opaFafitire shown
in Table 2. Exampie &rit0A segctiofefonvbiaining gashooyl dherde was<arred vt bngenthe same
conditions as in Exa(rjnxplf 1 exceelhtgag activated acgnt%ogor}&vérrl%a,sspecifi% surf Ge area of 600 m2/g

was used in thé first reactor and activated carbon aving a specific SHfface aféa of 9,’f’0€ %/g was

used in the second IEsreacterte obtaird digaefled éarbopyinchiaride 5% polycarbonate resin pellet was
obtained in the same W%‘ﬁﬁ}g gél.gégﬁ%v%l ag%rér %gge(%{gh%&p%%uggd carbonyl chloride
ort

. O, a
and polycarbonate resin are’shown in Table 1. Further, the evaluation resuits & obtainad carbonyl
20 chlorid® and-polyea ondtbliebireaitelbal-temes operaionldre shonteibrEablé 2. Example 6 A

reaction for obtgining.caghonytehlodde wascatieds phosphorus-based stabilizer,
hindered phenol-based stabilizer, ultraviolet absorbent,
flame retardant, bluing agent, light diffuser, antistatic
agent, compound having heat ray absorbing capability,

20 inorganic filler, fluidity modifier, antibacterial agent,
optical catalyst-based anti-fouling agent, infrared
absorbent, photochromic agent, dye and pigment. Another
resin and an elastomer may also be used in a small amount
as long as the object of the present invention is not impaired.

25
<molded articles

Various molded articles can be produced by molding a
pellet obtained by melt extruding the polycarbonate resin
of the present invention. A molded article can be generally

30 cbtained efficiently by injection molding. Injection
molding includes injection compression molding, injection
press molding, gas assist injection molding, foam molding
{including what comprises the injection of a supercritical

fluid), insert molding, in-mold coating molding, insulated



25 out under the same conditions as in Example 1 except that activated carbon having a specific
surface area of 1,000 m2/g was used in the second reactor and the reaction pressure was changed to
0.40 MPa (gauge pressure) to obtain liquefied carbonyl chloride. A polycarbonate resin pellet was 30
obtained in the same manner as in Example 1. The e¥&luation results of the obtained carbonyl chloride
and polycarbon?jl%ree%n %Eﬁé@%""” in Ta%l]g ]heFaL%_[tlher thel C?valuailgn results qf the obtained carbonyl

chloride and polycarbonate resin E5¢fte|(9[]%)lng-term ope?gtion are-showi'ih 8o %Jilgzs Example 7 A

reaction for obtainiiglearbohyirchiofide nms samiddiot mudet thg sande oopditidnisyas spExdmple 6
except that 5 the reactiqn pressure was @hﬂﬁgegrtg P gauge pressure) to obtain liquefied
carbonyl chloride.i\ polycarbonate regéin pellet was c%tgjl%\ég%rﬁg tr%éé %gr%eﬁrﬁgnﬁgr B ?E?(gr'nple G.
The evaluation F&sus 6 tHe ststaipddteR BNy ehloTidCsedipolycarb eate fesia drevshdwvryin Table

101, Further the syaluatiopdess ot abiaiped sarbomyLaflogdle and pavcaningleyeai after

long-term operation are shown in Table 2. Example 8 15A reaction for obtaining loride was
carried out undefthEedaiRé eBndifiBn8asdr Example 5 except that a zeolite catalyst (specific

surfaceareaof 500 m2/eraveraae patisis diageles of. 2. D-mmlwas dised:as thedist catalysy to obtain

liquefied carbonyl chloride, A polycarbonate 20 resin pellet was obtained in the same mannier as in

Example 5. Th&8vARIHGH reRhlts DFRFES Shtefin & eaHSOHI R HEE R BéIyesrhdiee FeSih are

shown in Tablesl; Furiher <theevalustiondegults;of the.ehtainegrcarbany:chlaridejang, golycarbonate
resin after long-term operation are shown in 25 Table 2. Comparative Example 1 A reaction for
obtaining carbory P ERIBHdE AL CAFEE SRUAdSI IR S HRE T fionS R MEEimple 4dfkept that 30
activated carbon havinglaespssificcsurtasazarea of 90 raz/gumas psed as the fitstwatalystite obtain
liquefied carborg! gg!&rideﬁ Ai%olgc%rrbonaig resin %eal et was obtained in the same manner as in

Brthe obtaived cafbony¢hidhids &fid polcathoRatbTelth are

Example 1. The evaluation résulso
shown 29 in Tabld nFurtherdhe evatuatioasesults:oktherobtainadivarheryd chiorisietandh 1

polycarbonate tesin:afterlong:ierp, gperation aig showuin fable 2, 5 Gomparative Example 2

15 electric and electronic eguipment, and spectacle lenses. In
addition, it can be used in windowpanes for construction
machines, buildings, houses and greenhouses. It can also
be used in roofs for garages and arcades. It can be further
used in illumination lenses, traffic light lenses, lenses

20 of optical equipment, mirrors, spectacles lenses, snow
goggles, sound absorbingwalls, windshields for motorcycles,
nameplates, sclar cell covers, sclar cell base materials,
covers for displays and touch panels. It can also be used
in game machines such as pinball machines, circuit covers,

25 chassis and parts such as pin ball carrier guides.

Further, molded articles of the polycarbonate resin
of the present invention can be subjected to various surface
treatments. The surface treatments such as vapor deposition
{such as physical deposition or chemical deposition),

30 plating (such as electroplating, nonelectrolytic plating or
hot-dip plating}, painting, coating and printing are used
to form a new layer on the surface layer of a resin molded
article. Techniques which are generally used for

pclycarbonate resin are employed. The surface treatments



A reaction for obtaining carbonyl chloride was carried out under the same conditions as in Example 1
except that activated carbon having a specific surface area of 150 m2/g was used as the first catalyst
to obtain liquefied carbonyl 10 chloride. A polycarbonate resin pellet was obtained in the same manner
as in Example 1. The evaluation results of the obtainedllcarbonyl chloride and polycarbonate resin are

shown in Table 1f1c|::frt gr,gge gvglua,gion results of the obteﬁed carbonyl chloride and polycarbonate
resin after long-term 15 operation are shown ih-Table 2- Cotpatatiie Example P 14 Péaction for
obtaining carbonykdhiorde Was koarrigotdutrby: usingranly the fisst catalystwithduirisisg thegecond 20
catalyst in Example 1 to_ohtain liquefied carbanyl chloride, A polycarbonate resin pellet was obtained
in the same mar%%gr]glse Fr% %nrzn:b%eglifﬁleggvglgaégﬁ ?essjuiftécg He obtained carbonyl chloride and
polycarbonate resin are shown in Table 1. Since the quality of carbonyl chloride at the start of 25
operation was ypsatisfactory in this experiment, long-term operation was not carried out. - carbonyl

chloride forming reaction reaction pressure MPa (gauge pressure) 510 ST 0 ST.0l ST*0 ST*0 0170
T5'0510 510 ST O The following examples are provided for the purpose

of further illustrating the present invention but are in no
way to be taken as limiting as long as they do not depart
fromthe gist of the invention. “Parts” in the examples means

10 “parts by weight”, and evaluations and molding for
evaluations were carried out by the following methods.
(1) Bromine atom content of chlorine

A sample solution prepared by decomposing 1 liter of

a chlorine gas with 40 ml of & 20 % NaOH agueous solution

15 having high purity, diluting the decomposition solution to
10 times and filtering it with a cation removing filter was
injected into an anion chromatograph (DX-300 of Nippon
Dionecs Co., Ltd.) to determine the amount of a bromine ion.
(2} Carbon tetrachloride content of carbonyl chioride

20 1 pl of carbonyl chioride was injected into a gas
chromatograph equipped with an electron capturing detector
(Model 262 of Hitachi, Ltd.) to be measured.
(3) Chlorine molecule content and bromine molecule content
of carbonyl chloride

25 A carbonyl chloride gas was injected into a multi-wave
type process photometer (Mocdel 3401 of DKK Denki Kagaku Keiki
Co., Ltd.) to determine the amounts of a chlorine molecule
and a bromine molecule.
(4) Color of carbonyl chloride

30 The color of carbonyl chlcride was checked visually
through the internal inspection window of a 1iquefied storage
tank for the formed carbonyl chioride. It was rated based
on the following five criteria. As the numeral beconmes

larger, a tinge of yellow becomes stronger.



51 0 volume ratio of first reaction/second reaction filled volume ratio E'lE/L'9 60/ T'6 U9/ ES E'E/ L9
EE/L9ES/L9ES/L9E'S/L9ES/L'9ES/L'9 second reaction catalyst average particle

diameter Uim YE E
22

Color rating almost colorless

1
Color rating 2: tinge of yellow is slight
Color rating 3: tinge of yellow is a little strong
Color rating 4: tinge of yellow is strong
5 Color rating 5: tinge of yellow is very strong
For color ratings 1 and 2 out of these ratings, it is
judged that the guality of carbonyl chloride is normal and
satisfactory. For color rating 2, the quality of carbonyl
chloride is slightly abnormal. For color ratings 4 and 5,
10 it is judged that the quality of carbonyl chloride is abnormal.
A polycarbonate resin obtained by polymerizing the carbonyl
chloride of color rating 4 or 5 greatly deteriocrates in metal
corrosion resistance.
(53 Carbon tetrachloride content of polycarbonate resin
15 After 5 g of a pellet was put into a 120 ml stainless
steel container, the container was stoppered tightly, and
the pellet was heated at 250°C for 2 hours, 1 ml of a head
space gas was injected into a gas chromatograph equipped with
an electron capturing detector {Model 263 of Hitachi, Ltd.)
20 to measure the carbon tetrachloride content of the
polycarbonate resin.
(&) Chlorine atom content and bromine atom content of
polycarbonate resin
A plate cbtained by thermally compression molding
25 polymer powders at 190°C was used to measure the intensity
of a chlorine atom and the intensgity of a bromine atom with
fluorescent X-ray (RIX2000 of Rigaku Denki Kogyo Co., Ltd.).
(7] Color of polycarbonate resin molded article
The YI value of a 2.0 mm-thick molded plate obtained
30 Dby injectionmelding (SG260M~HP of Sumitomo Heavy Industries,
Ltd.) at a cylinder temperature of 310°C was calculated from
X, Y and Z values obtained by measuring transmitted light
with the Z-1001DP color-difference meter of Nippon Denshoku

Co., Ltd. based on the fcllowing equation in accordance with



S E ES.SESE E E E anon specific surface area B/zui 006 006 006 006 0066 0001 0001 0061
006 006 @UOU

10

15

20

25

30

23

ASTM-EL1925. As the YI value becomes larger, a tinge of yellow
of the molded plate becomes stronger.
YI = [100(1.28X -~ 1.062)]/Y
{8) Melding heat stability of polycarbonate resin

The ¥I value of a molded plate having the same shape
as in the above evaluation (7) and formed from a resin which
was retained in the cylinder of a molding machine for 10
minutes was measured in the game manner as in (7). The
difference AYI was obtained by subtracting the YI value of
the test sample before residence from the YI value of the
test sample after residence.
(2) Evaluation of mold corrosion resistance of
polycarbonate resin at the time of molding

200 transparent head lamp lenses shown in Fig. 1 were
molded continuously at a cylinder temperature of 210°C and
a molded temperature of 80°C with an injection molding
machine (SG260M-HP of Sumitomo Heavy Industries, Ltd.) and
then, the surface of the metal mold was subjected to a moist
heat treatment at a relative humidity of 100 % and a
temperature of 120°C for 24 hours to cbserve the corrosion
of the surface. The degree of corrosion was evaluated baged
on the following five criteria. As the numeral becomes
larger, the degree of corrosion becomes higher.
Corrosion rating 1: almost not corroded
Corrosicon rating 2: slightly corroded
Corrosion rating 3: more corroded
Corrosicn rating 4: much more corroded
Correosion rating 5: greatly corroded

For corrosion ratings 1 and 2 out of these ratings,
it is judged that the quality of carbonyl chloride is
satisfactory and the degree of corrosion is acceptable. For
corrogion rating 3, corrosion slightly proceeds. For
corrosion ratings 4 and 5, it is judged that corrosion

proceeds to such an extent that the quality of carbonyl



first reaction catalyst average particle diameter mm 5'Z 56 56 5’5 5'6 56 56 0 56 Z 5'6 specific
surface area Elzui 00t. 00D. 00T7

24

chloride is abnormal. When the polycarbonate resin of
corrosion rating 4 or 5 is mclded, the screw of a molding
machine or the surface of a metal mold is easily corroded

with the result of poor gquality.

Example 1
(production cf carbonyl chloride)
40°C cooling water was let pass on the shell side of
amulti-tubular type reactor having the function of remcving
10 reaction heat, and a first reactor filled with coconut shell
activated carbon {first catalyst) having a specific surface
area of 40C¢ m‘/g and an average particle diameter of 2.5 mm
was installed on the tube side.
On the downstream side of the firsgt reactor, 40°C
15 coolingwater was let pass on the shell side of amulti-tubular
type reactor having the function of removing reaction heat,
and a seccnd reactor filled with coconut shell activated
carbon (second catalyst) having a specific surface area of
900 m’/g and an average particle diameter of 3.5 mm was
20 installed on the tube side.
A condenser through which -25°C brine was let pass and
a ligquefied carbonyl chloride storage tank were installed
cn the downstream side of the second reactor.
These apparatuses were connected in series to obtain
25 carbonyl chloride by letting 10.30 Nm®/hr of a CO gas and
10.00 Nm*/hr of a Cl, gas in a CO/Cl, molar ratio of 1.030
pass from the first reactor at a pressure of 0.15 MPa (gauge
pressure) . The filled volume ratic of the first catalyst
to the second catalyst was 6.7/3.3, the reaction temperature
30 of the first reactor was 520°C, and the reaction temperature

of the second reactor was 45°C.

(life of catalyst)

Further, to confirm the lives of the catalysts, the



00T. 009 00V’ 0017. 500 (zeolite catalyst) 006 091 00b0611 5X3 'DI Lin chlorine content of bromine
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quality of carbkonyl chleoride when the cumulative production
of carbonyl chloride (based on 1 m° of a catalyst) shortly
after the start of aeration became 2.0 x 10° kg/m® (Table 1)
and the guality of carbonyl chloride when the cumulative
production of carbonyl chloride (based on 1 m’ of catalyst)
after long-term operation became 1.6 x 107 kg/m® were checked

and shown in Table 2.

(production of polycarbonate resin)

Then, a polycarbonate resin was produced from the
obtained carbonyl chloride. 219.4 parts of ion exchange
water and 40.2 parts of a 48% sodium hydroxide agueous
solution were fed to a reactor equipped with a thermometer,
stirrer and reflux condenser, 57.5 parts (0.252 mol) of
2,2-bis(4-hydroxyphenyl)propane and 0.12 part of
hydrcsulfite were dissclved in the resulting solution, 181
parts of methylene chloride was added to the resulting
solution, and 28.3 parts of the above carbonyl chloride was
blown intc the reactor at 15 to 25°C under agitation over
40 minutes. After carbonyl chloride was blown, 7.2 parts
of a 48 % sodium hydroxide agueous soclution and 2.42 parts
of p-tert-butylphencl were added to the resulting product,
the ocbtained product was started to be stirred and emulsified,
0.06 part of triethylamine was added and further stirred at
28 teo 33°C for 1 hour, and the reaction was terminated.

After the end of the reaction, the product was diluted
with methylene chloride, rinsed in water, made acidic with
hydrochloric acid and rinsed in water, and when the
conductivity of a water phase became equal to that of ion
exchange water, this methylene chioride sclution was added
dropwise to the hot water of a kneader having an isolated
chamber with a foreign matter take-out port in a bearing
portion to evaporate methylene chloride so as to cbtain

polycarbonate resin powders having a viscosity average
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molecular weigh of 15,100.

The powders were dried at 145°C for 6 hours, and 0.004
wt% of tris{(2,4-di-tert-butylphenyl)phosphite and 0.06 wt%
of monoglyceride stearate were added to the powders. 'Then,

5 the powders were melt kneaded by means of a vented
double-screw extruder (KTX-46 of Kobe Steel, Ltd.) while
deaeration was carried out at a cylinder temperature of 240°C
to obtain a polycarbonate resin pellet. The evaluation
results of the obtained carbonyl chloride and polycarbonate

10 resin are shown in Table 1.

Example 2
Carbonyl chloride and a polycarbonate resin pellet
were obtained in the same manner as in Example 1 except that
15 the filled volume ratioc of the first catalyst to the second
catalyst was changed to 9.1/0.9. The evaluation results of
the obtained carbonyl chloride and polycarbonate resin are
shown in Table 1. Further, the evaluation results of the
obtained carbonyl chloride and pclycarbonate resin after

20 long-term operatiocn are shown in Table 2.

Example 3
Carbonyl chloride and a polycarbonate resin pellet
were obtained in the same manner as in Example 1 except that
25 the filled volume ratio of the first catalyst to the second
catalyst was changed to 3.3/6.7. The evaluation results of
the cbtained carbonyl chloride and polycarbonate resin are
shown in Table 1. Further, the evaluation results of the
obtained carbonyl chloride and polycarbonate resin after

30 long-term operation are shown in Table 2.

Example 4

Carbonyl chloride and a polycarbonate resin pellet
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were obtained in the same manner as in Example 1 except that
the average particle diameter of the first catalyst was
changed to 5.5 mm. The evaluation results of the obtained
carbonyl chloride and polycarbonate regin are shown in Table
5 1. Further, the evaluation results of the obtained carbonyl
chloride and polycarbonate resin after long-term operation

are gshown in Table 2.

Example 5

10 A reaction for obtaining carbonyl chloride was carried
out under the same conditions as in Example 1 except that
activated carbon having a specific surface area of 600 m*/g
was used in the first reactor and activated carbon having
a specific surface area of 1,200 m’°/g was used in the second

15 reactor to obtain liquefied carbonyl chloride. A
polycarbonate resin pellet was obtained in the same manner
as in Example 1. The evaluation results of the obtained
carbonyl chloride and polycarbonate resin are shown in Table
1. Further, the evaluation results of the obtained carbonyl

20 chioride and pelycarbonate resin after long-term operation

are shown in Table 2.

Example &
A reaction for obtaining carbonyl chloride was carried
25 out under the same conditions as in Example 1 except that
activated carbon having a specific surface area of 1,000 mz/g
was ugsed in the second reactor and the reaction pressure was
changed te 0.40 MPa (gauge pressure) to obtain liguefied
carbonyl chloride. A polycarbonate resin pellet was
30 obtained in the same manner as in Example 1. The evaluation
results of the cbtained carbonyl chloride and polycarbonate
resin are shown in Table 1. Further, the evaluation results

of the obtained carbonyl chloride and polycarbonate resin

after long-term operation are shown in Table 2.
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Examplie 7
A reaction for obtaining carbonyl chloride was carried
out under the same conditions as in Example 6 except that
5 the reaction pressure was changed to 0.51 MPa (gauge
pressure) to obtain liquefied carbonyl chloride. A
polycarbonate resin pellet was obtained in the same manner
as in Example 6. The evaluation results of the obtained
carbonyl chloride and polycarbonate resin are shown in Table
10 1. Further, the evaluation results of the obtained carbonyl
chloride and polycarbonate resin after long-term operation

are shown in Table 2.

Example 8

i5 A reaction for obtaining carbonyl chloride was carried
cut under the same conditions as in Example 5 except that
a zeolite catalyst (specific surface area of 500 m°/g, average
particle diameter of 2.0 mm) was used as the first catalyst
to obtain liquefied carbonyl c¢hloride. A polycarbonate

20 resin pellet was obtained in the same manner as in Example
5. The evaluation results of the obtained carbonyl chloride
and polycarbonate resin are shown in Table 1. Further, the
evaluation results of the obtained carbonyl chloride and
polycarbonate resin after long-term operation are shown in

25 Table 2.

Comparative Example 1
A reaction for obtaining carbonyl chloride was carried
cut under the same conditions as in Example 1 except that
30 activated carbon having a specific surface area of 900 m’/g
was used as the first catalyst to obtain liguefied carbonyl
chloride. A polycarbcnate resin pellet was obtained in the
same manner as in Example 1. The evaluation results of the

obtained carbonyl chloride and polycarbonate resin are shown
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in Table 1. Further, the evaluation results of the obtained
carbonyl chloride and polycarbonate resin after long-term

operation are shown in Table 2.

5 Comparative Example 2
A reaction for obtaining carbonyl chloride was carried
out under the same conditions as in Example 1 except that
activated carbon having a specific surface area of 150 m’/g
was used as the first catalyst to obtain liguefied carbonyl
10 chloride. A polycarbonate resin pellet was obtained in the
same manner as in Example 1. The evaluation results of the
obtained carbonyl chloride and polycarbonate resin are shown
in Table 1. Further, the evaluation results of the cbtained
carbonyl chloride and pclycarbcnate resin after long-term

15 operation are shown in Tables 2.

Comparative Example 3
A reaction for obtaining carbonyl chloride was carried
out by using only the first catalyst without using the second
20 catalyst in Example 1 to obtain liquefied carbonyl chloride.
A polycarbonate resin pellet was cobtained in the same manner
as in Example 1. The evaluation results of the obtained
carbonyl chloride and polycarbonate resin are shown in Table
1. Since the quality of carbonyl chloride at the start of
25 operation was unsatisfactory in this experiment, long-term

operation was not carried out.
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Effect of the Inventicn
According to the process for producing carbonyl

chloride of the present invention, carbonyl chloride which
has a low carbon tetrachloride content, a low chlorine

5 molecule content and a low bromine meolecule content and has
a good color is obtained. In the process for producing
carbonyl chloride of the present invention, the catalysts
rarely deteriorate, thereby making long-term continuous
operation possible.

i0 According to the present invention, a polycarbonate
resin which rarely containsg a metal corrosive substance and
has a good color and excellent melding heat stability can

be provided.

15 Industrial Applicability
Since the polycarbonate resin of the present invention
has excellent molding heat stability and metal corrosion
resistance, it can be used in optical products, automcbiles,
housings for silicon wafers and electric and electronic

20 eguipment, and spectacle lenses.
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1. A process for producing carbonyl chloride, comprising
the steps of: _

{1} bringing chlorine and carbon monoxide into
contact with a first catalyst having a specific surface
area of 200 to 800 m‘/g; and
| {1i) bringing the obtained product into contact with a
second catalyst having a specific surface area of 800 to
1,500 m?/g.

wherein the filled volume ratio of the first catalyst to the
second catalyst is 4/6 to 9/1, and the each contact is carried out at a

pressure of 0.05 to 0.50 MPa {gauge pressure).

2. The production process accerding to claim 1, wherein the
first catalyst and the second catalyst are both activated

carbon.

3. The production process according to claim 1, wherein
the average particle diameters of the first catalyst and the

second catalyst are each 0.5 to 5.0 mm.

4, The production process according to claim 1, wherein the
average pérticle diameters of the first catalyst and the

second catalyst are each 1.0 to 4.0 mm.

5. The production process according to claim 1, wherein
the cbtained carbonyl chloride has a carbon tetrachloride
content of 20 ppm or less, a chlorine molecule content of
20 ppm or less and a bromine molecule content of 10 ppm or
less even when the cumulative production of carbonyl chloride
based on 1 m® of a catalyst is 2.0 x 10° kg/m® and 1.6 x 107

kg/m’.
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chloride of the present invention, carbonyl chloride which has a low carbon tetrachloride content, a low
chlorine 5 molecule content and a low bromine molecule content and has a good color is obtained. In

the process for proglucing, cabomy chifide afthe preseatiyention, the,catalysts,farely. detgriorate,
- thereby making long-term cgnﬁnuousTope‘rétlon“possmle. 10Actording 1o the present invention, a
polycarbonate resinlvthich ¢arely: contains amietal derrbsive subistance dad hasta godédieolor and

excellent molding heat stability.can.be provide Industrial Applicability Sincethe. -
polycarbonate resifi of the. Irj‘)rtg,:Ys*erf?tr!?n\%gr%{tlioonjghaciléE %%éel ent mgldlgng heat stgﬁljﬁ?y and metal corrosion
resistance, it can beOuseshincaptices predycts, autoniolsilese houskysTon siebnatafersandaiectric and

electronic 20 equ_ipfnegt, %Hgépfﬁga%ﬁffgéix?g %%M%gi&prgge%sd%&{%uggg sarbanyl

chloride, comprismgeﬂgwe steps o (1) bringing chiorine and carbon monoxide into contact with a first
catalyst having a spécifi seifacenares of 200-6 890 m2/d-dndl 10° (ifPBRngiRG the btated product
into contact with a d catalyst having a specific surface area of 800 to 1,500 m2/g.  wherein the
filled volune ratio of the first cata]yst to the second catalyst is 4/6 to 9/1, and the each contact is
carried out at a pressure of 0.05 to 0.50 MPa (gauge pressure). 2.The production process according to

claim 1, wherein the first.catalyst ang the saeond ¢atalyst are Beih activated casianie
ccﬂtent of 20 ppm or less, a chlorine mclecule content
of 20 ppm or less and a bromine molecule content of 10 ppm

or less.

8. A process for producing a polycarbonate resin by
reacting a dihydric phenol with the carbonyl chloride of

claim 7.

8. A polycarbeonate resin having a carbon tetrachloride
content of 2 ppm or less, a chlorine atom content of 1 ppm

or less and a bromine atom content of 0.5 ppm or less.

10. A molded article obtained by melt molding the

polycarbonate resin of claim 8.



3.The production process according to claim 1, wherein the average particle diameters of the first
catalyst and the second catalyst are each 0.5 to 5.0 mm. 4.The production process according to claim
1, wherein the average particle diameters of the first catalyst and the second catalyst are each 1.0 to
4.0 mm. 5.The production process according to claim3E wherein the obtained carbonyl chloride has a
carbon tetrachloride content of 20 ppm or less, %%Fgg%%molecule content of 20 ppm or less and a

: T ; ; :
bromine molecule content of 10 ppm or less even when the cumulative production of carbonyl chloride
based on 1 m3 of a catalyst is 2.0 x 106 kg/m3 and 1.6 x 107 kg/m3. 38 6. The production process
according to claim 1, whetelp Ine otyginel earbany ciorsas agahop etachionde content of 10
ppm or less, a chlorine molecule content™of 10 ppmor less and a bromine ‘moleculé content of 5 ppm
or less when the@uadulatve productiohiaf Cariorss chiotide sasstl o lan3=0fd eatatystéss2.0 x 106
ka/ms3 andsl.6 £ 407 K0lm. Inarba alardsadng a£aibo Rliachlords conigatat20 ppm or
less, a chlorine molecule content of 20 ppm or less and a bromine molecule content of 10 ppm or less.
8. A process foR pio8aciftPa potEfhshaRtBRIELY Té dctin g D ohgdricisheabioethahé arsony!

chloride of clair}agldg.r% pRlygarhonads fesin having a carbon tetrachloride content of 2 ppm or less, a
chlorine atom content of 1 ppm or less and a bromine atom content of 0.5 ppm or _less. 10. A molded

article obtained by melf8IdFe BRSFolyearByiRis FdsiA Gty 139pstRAd R VIng process for

producing carbesy) chieride-havng adewdetah coptent of impurities,and,a 9eodLalerand,a process 5
for producing a polycarbonate resin which rarely contains a metal corrosive substance and has a good

color and'ékcelfSH ridbing et stalith O™ Fh i oEssor prédidity caBERyLemsid&having a

low carbon tetrgehipede eontent, a low chlorine molecule 10 content and a low bromine molecule
content, comprises the istipt)%gf: , &g} b%[g%rr;g chloagze and carbon monoxide into contact with a first
catalyst having a specific t8arés of FB0GHfG ERaT L B Binghg e obBihés broduct into
contact with a secondscatalyst hawingia/spetific snifacesareaof 800t 1,508 M2k of Tbe process
for producing atpool%%b%a?tg?r_reésw is to obtain the polycarbonate resin from the above carbonyl 20

. d
chloride.
15 {ii) bringing the obtained product into contact with

a second catalyst having a specific surface area of 800 to
1,500 m*/qg.

The process for producing a polycarbonate resin is to
obtain the polycarbonate resin from the above carbonyl

20 chloride.



