- 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 excellent optical properties, mechanical properties
and electric properties and therefore has been used in a wide variety of fields including food 15
products, optical products such as multi-media Feordihg Taédia, housings 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 chlohfBHaVéar-RGEAEE USSR IE Gy BRIeISSIycarbonate resin.
For example, Patent Document 1 discloses a process for producing a polycarbonate resin having a
good color from Fgﬁrbon | chloride which is produced from carbon monoxide 25 having a reduced
content of & sulfaF&Eom 60" *E-Earbon tetrachloride is a by-product formed at the time of producing

carbonyl chloride. It is kmenhratatrotit ikbOta30hppe of cagben tetrachipride is ganerally formed at
the time of producinglcg bonl¥l chloride and %%ntained in the 30 formed carbonyl chloride. It is also
e

known that carbbn tetr: & &6167°6Fthe JHYARED PaIycHTBoh &t eS8 &Rd reduces

rachioride deferiordtes
the mold corrosiongesistanee famd jtrstheréfoye agocedsary it tedice thecontetaf carkon
tetrachloride in tgg&ﬂ)ﬁcgébo e}_jtgéggli@ %afomtf%ré as possible. Some methods for solving these
problems have been proposeg. or xamgle, atent Document 2 discloses a process for producing a
polycarboh8te resin which rarely corrodes 5 a metal mold by using carbonyl chloride whose carbon
tetrachloride coptgpi:has,pren sgduced by distillation. Patent Document 3 discloses a process for
obtaining a polycarbonate resin having improved quality from carbonyl chloride whose sulfur
compound and carbon tEfatKlBHAEN B MeRThARE Isearerbibsdint theedigtitlatier bf kguefied

carbonyl chloridgahiained by gividing-a reactiap fer 99@%%%5%@@' f£hlodge arpang pany reactors

to remove reactjon heat as much as possible. Patent Document 4 discloses a process for obtaining 15

a polycarbonate'fe8irPR&Hing i BroviédquatiBeididatbenyt Enforriedindseéadbbraetracsioride and
volatile chierinewentants bave peensedysediny-the distilation of ligueflisd garbonyl.ghigride obtained

by dividing a reactign for obtaining carbonyl chloride among many reactors to remove 20 reaction heat
as much as posSibie:? PRIFARET, 16 Eairy gt tReGR 5 EedbEs Mk Brotasd paemmasiige in scale

and complicatechadd a, gas. presstire losp becames large, ahichvishot pgeferred from the viewpoint of
cost. 25Patent Documeﬁ_‘% discioses process for gbtaining a % rbonate resin having a low
ile

content of chlorine (vola cﬁjlgrlxg)avr\%lcrﬁai% Bvaporated fro oo G BREP et HHolding at
normal temperat@redayysing lcarbonyt chlaride havirg achlbricecantentof 15006 pphbaidess which

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 resgin 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
cof 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
3¢ formed carbonyl chloride. It is also known that carbon
tetrachloride deteriorates the color of the obtained
polycarbonate resin and reduces the mold corrosion
resistance, and it is therefore necessary to reduce the

content of carbon tetrachloride in the polycarbonate resin



- 30 is produced by letting liquefied carbonyl chloride pass through an activated carbon tower to adsorb
chlorine contained in carbonyl chloride to the activated carbon. Meanwhile, some processes for

“producing carbonyl chloride whose total content of impurities such as carbon 3 tetrachloride has been
reduced are proposed. For example, Patent Document® discloses a process for producing carbonyl
chloride having a low carbon tetrachloride content and a low chlorine molecule content by using
activated carborfaViHGs & EpBafi€ shrf&ce area of 1,200 to 1,300 m2/g. However, in the proposal of

this Patent Document 6 dbedetluetionsef the cagon tetmchlioside qontantdspotsatisfagtary and
further, Patent Document 7 is aimed to reduce the content of carbon tetrachloride by distilling carbonyl

chloride obtaineBBPIT e pracRss &idbiosed by Patent BotliRht6 Pttt Bot dvéit @ dR closes a
process for prodircing cashanyhghloride havingeareducedcontenttofarken tetsachdaridaiby; using

activated carbon havi low, active metal content. It teaches that activated carbon having a 15
2 o Pl T 00 378 (4 SeoREaly 355 15 EOBIGoo Ph@Document 9

surface area of More
discloses a process farcprbdutiig carbamyl thivrislehskose-earboadetsgchidrde taatenbhas been

reduced by using activa%eadccé%rgo 5‘&\{ syrface area 20 of at least 10 m2/g. Actually,.activated
carbon having a surface area of a%out )1[6(]8(;8 to %%Osrérllﬁz?g’ s used rQcel'-?zats[(arwn}'%o o?m%%%ﬁ%ia Yiscloses
a process for prodbeingacarboma thlasds whilkevtha amonntofdsy-greduced €Cdd isardoned by

contact with  fs, oallyet aelen 41, seeanf 25 catalyst Naying hiober, (elaive actyty than the

first catalyst in a carbonyl chloride forming reaction. In all of the proposals of the above patent
documents? theCirapPrBven it BF the ghalig ofcerbbiy- sl ofitie tis désdribed from thpistidrederm point

of view. However, aiddhprocess faripiaduging highsauglity casbenyl chloride contipugysly for a long
time on an industrial scale is not disclosed by any of these patent documents. To produce carbonyl
chloride on an iﬁ%ﬁﬁ%l&%ﬁ@%&ﬁty@#ﬁrﬁ@ﬂcﬁ&?’é@sﬂéﬁﬁe%%*’t’éiﬁé’éf eafsoriyFBRGEde are 4

important but mugh attentiomaust be paidto safeprbecaise 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 replabéd Gk SBTHBERY &F thé fife BFfR CatiiySE RIS dESFe@RIR the Bt of the

catalyst sheuld hepextendethandang aspossible iaseduee tha-tieguancy of replacementPatent
DocumentJP-A 0%-275.6 0 (Patent Documen ‘]PE% 596}1 76482 10(Patent.DocumentJP-A 2000-248059
n

SitiBZA 960 Ij1%%34918( atéht DocumantIP AT 0256754 (Patertt SOt P-A

(Patent Docume
2000-264617 (RateneDocutment)Pefe200426482by the distillation of liquefied

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

20 reaction heat as much as possible.

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

25 Patent Document 5 discloses a process for obtaining a
polycarbonate resgin having a low content of chlorine
{(volatile chlorine) which is evaporated froma 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 liguefied carbonyl chloride pass
through an activated carbon tower to adsorb chlorine
coentained in carbonyl chloride to the activated carbon.

Meanwhile, some processes for producing carbonyl

chloride whose total content of impurities such as carbon



. 15(Patent DocumentJP-A 2000-505035 (Patent DocumentJP-A 2002-511045 (Patent DocumentUS
- Patent Laid-Open Publication No. 2002/0188156-A 20 DISCLOSURE OF THE INVENTION Itis

“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, wherein the deterioration of a catalyst is suppressed and

long-term continb8G< BpErdtiohIE porsSibhee T RFSAFaAGHSPEBRRE Bfithe PRISETEaME ion to

provide a polycaghenaie tesifrvirgadawcontan of 8,30 n8tlcorgsive subsiance, a.gaed color
and high molding heat stability. .  The inventors of the present invention have conducted’intensive

studies to attain the 850G dBFECIS AR haYeTBandthatidtasiiy eArbdf ferathiride:dnd A¥hlorine

molecule 5 contaitleskinrcarhony chleride-huealsom/biaming meleculerexert aashinfluenge upon the
color of carhonyl chloride and the %or and metal corrosion resistance of a polycarbonate resin
obtained from cAHSORYFeHdHdE"S The§ RV cShdueedturfiet intBRsie StudidS 4R Havelfound that
carbonyl chloridé havingolowsedntefts lof sarbortatrachiorids; ta shlarine maleeile aada ypaine

molecule can be_produced hy using two different catalysts which differ from each ather in specific
PP H%gg st it %re\ilﬁ{:er%/égi\}leos u%?é:slgr%ﬁté\%ffoﬁﬂg %‘b%@eg@for

surface area. 10%%Iéy%ave conduc
producing carbohgkehisrideonhersin lorigetermeohtinu otscopezatitie iIsmaderpossibledwheptimizing
the use ratio an@gggggﬁiégg&%rig ions f.tll1§ Iy, different catalysts. The present invention has
been 15 accomplished based on the%te%ﬁ?nlgs. * 8 %jf%:)s.?% %or%%goﬁlt e ;5’?8%8% |{’r31§er£13tYon, the
following ihfentibh§ aps parssded i BCA preckseyfof pioducirgpearmemy chloride, comprising the steps

of: 20(i) bringing chloring apg;carbon. menexide igta.confactwith a.firstcatalyst having a specific
surface area of 200 to 800 m2/g; and (i) bringing the obtained product into contact with a
second catalyst FAVIEY sp&cift@sidscd ate s s S00-RFZSESO0 piygr 2. Theprodation process in

the above paragraph-dewherainihsfileduobmesaigal e fisiaatalystiahe sespad caialvst i 410
a

to 9/1. 3. The production process in the above paragraph 1, 30 wherein the first catalyst and the
second catalyst'&7& DOtFaRVRED cartork &4 CH5E pidtitictiB R procesddn 7e BpBVé pEidyFaph 1,
wherein thesavesager padicie-diameters:of thedisst catalysiand the sacond catatystare £acih0.5 to 5.0

mm. 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 then with 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 ig
described from the short-term point of view. However, a

30 process for preoducing high-quality carbonyl chloride
continuously for a long time on an industrial scale is not
disclosed by any of these patent decuments. To produce
carbonyl chloride on an industrial scale, the quality and

production cost of the obtained carbonyl chloride are



. 6 S.The production process in the above paragraph 1, wherein the average particle diameters of the
- first catalyst and the second catalyst are each 1.0 to 4.0 mm. 6. The production process in the above
-paragraph 1, 5 wherein the above contact is carried out at a pressure of 0.05 to 0.50 MPa (gauge
pressure). 7. The production process in the above pardgraph 1, wherein the obtained carbonyl
chloride has a carbon tetrachloride content of 20 ppm or less, a chlorine molecule 10 content of 20

ppm or less and%ﬁ%ﬁﬁﬁghgﬁjéu‘félegnf’eﬁ%ﬁé%ﬂﬁ%@\/\ﬁﬁ%ﬁ%’%%tﬁﬁﬁ%ﬁ%%%@&ﬁm of

carbonyl chloride®asetoh lcrmBafibe catalystis 3100y 106 kglm3andchAxel07 kgimd. 8. The
production process in the above paragra , 15 wherein the obtained carbonyl chloride has a carbon
paragraph 1, 15 where

S ol R8fiteRt of 76 PPAY dr £RS Fha%Ebromine

tetrachloride con ér%taésftl%rppm or 16§ A EhIorn
molecule conterivef:5uppen ba tegs when the camlijativiesproduction b earbionyt eblosidedasesd on 1 m3
of the catalyst is,2.0.x 106 kg/m 201.6 x 107 ka/m3._ 9. Carhbony) chloride having a carbon
tetrachlorid\ésconttcejn%%fezg %%mograg%%,%lt% or#e rl%%?eccu ég %‘gﬁsebﬁt of Eolpsprrﬂg oF f“e%%giaﬁ}gtbromine
molecule conteritivt 10 fprm dDrtless: 25200, Atpedoess dorprdueingeal palyarhpnate cesin thyereacting a

cihydric phenolwih fhe,garboyLchioide of he o paraotaph 9. 1L A polycarbonate resir
C

having a carbon tetrachloride content of 2 ppm or less, orine atom content of 1 ppm 30 or less
and a bromine atéiateonteMBTOBppmLor less. TE2.2A Alolded &aitle obtained by melt molding the

polycarbonate resin ofthe above.Ra@gsaPh 11. 5. dndhisdext, the chlorine molecule is a molecule

formed by bonding two chlorine atoms and generally existent as a 7 gas in carbonyl chloride. The

chlorine atdm coritéhtearth@poRtaiionate resin' B the 16@f carkteht 8f components corresponding to a

chlorine atom outmfithe compengats-ofgnoleculgs cantaiyng bz ghlprine atom, such as a chlorine
molecule, a chlorine bromide molecule and a carbonyl chloride molecule. In this text, the bromine

molecule is a mERERYbrHEE HYBUndmg two BiBifind &imé AAd generally existent as a gas in

carbonyl chloride p@ Eag: braraingatemsgontent of the polygarbonate;resin is the total content of
components corresﬁjondingpto a bromine atom out of the comgegnents of molecules containing a

bromine atom, stioh a8 & bRSHiEHHGleélle, a chbrifietHBmide frbtdcule and a carbonyl bromide
molecule.15 BRIEEABESCRIPIH@NOE ITHE DRAVEINGS 0 -5 0Riga % shows a molded transparent

head Iamp lens Ega%l#%@o]%%%r?eoﬂed%n ExanﬁngAi C’?BSV_VE]H &%ﬂgures, the lens is shaped like a
dome. Fig. [1-A]is a'front view 0
{(Patent Document 10} US Patent Laid-Cpen Publication

No. 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 cbiject
of the present invention to provide a process for producing
25 carbonyl chloride, wherein the detericration of a catalyst
is suppressed and long-term continuous cperation is
reossible.
It is still another object 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



20 the head lamp lens (projection view on the surface of a platen at the time 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 porfion of lens 4. gate of molded article (width
of 30 mm, thickness of gate 30 portion of 4 mm)_5. sprue (diameter of gate portion of 7 mm) 6.
diameter of perifBYaT pOfdN of IBRSERY I P oS feld orohte § Of1BNEY266iR) 8.
height of dome pertion of lenrsi(20nniY=8&: thipkressef moltded leds (4 mmhBESIMEOBREOR
CARRYING OUT 'I('iHE INVENTION 4 ghtf present invention will be described in more detail 5
hereinunder. <c&HSonyIEnISHAS brottietish Focssds ©51 Phe TafostyR Bfiidri@é pfoduction process of
the present inventibpcaniprises ¢he stejnofdiringing: dhldrine (maybeseferreditoasd€12" hereinafter)
and carbon_monoxide 1,9}@@0 % ar_\(;];ercrg% e} ggé'g ) Q%E?é@;af%%@é@lto .cogtagt \Q{ith a firs %atal stina
first reactor and with a secox catalystina second Feactor o react. tﬂémsfoéle &F &: onne) The
bromine atom cémtent of bhlorinetisedsyin the 15uedetiba isiprefébly: €50 gpteopessa mere

preferably 125 RAID.OL pp, IMED MOr-IRIGIBOY AAY LRI " £33 o nI0R ARG 1AM Sontentis

the amount of a bromine atom contained in a compound containing a bromine atom, such as a
bromine molecuté At chicrRiedsidriidal svhertthe Bidnipresat-atavhacnsdri isthighed iHare 50 ppm,

the bromine molggule eantgntefcarbonyl chioride;becomes, higher than 10 ppm and a polycarbonate

resin obtained from this carbonyl chloride iS apt to have a bromine atom content of more than 0.5 ppm,
thereby calising a problehEWitR e qGRMT o #5125 blcafboiidie FedintERBENE Havith adow

content of a brogjne ;e canhgiProdysed byvariousinetheds sychasglactiolyic spdamethod and

Towns method. Qut of these, the electrolytic soda method is most economical and common.

30(carbon mon8XI8EF1" TRREURGF BT oRRIET CARE3Rmbldxide USES ik tesidatioRYs

preferably 10 ppyptorness; maorenprefeeably Sipparer lesscmuth more:praferably Q5 ppiw ekless.
When the sulfur atom con :eL t of carbon mor#%)fxide is higher than 10 pm, 9 the sulfur atom content of

carbonyl chioride Bet8ReE HigREThaTE Bhm Hrida Bbohairé IbtainBd e i carbonyl
chloride is apt ta havealsidiue ator codtent of necre tiidnd0Agppb, thereby causing a problem with the
quality 5 of the polycarbﬂrllé’:\{e E.ess,in'according’ to the present invention, the
following inventions are provided.
1. A process for producing carbonyl chloride, 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 800 m’/g; and
(ii) bringing the obtained product into contact with
a second 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 ratio 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.



Carbon monoxide having a sulfur atom content of 10 ppm or less is obtained by bringing carbon
monoxide obtained by reacting coke with oxygen into contact with activated carbon or activated

* alumina impregnated with a metal added catalyst, 10 such as an oxide and/or a salt of a metal such as
copper (Cu), chromium (Cr), vanadium (V) or molybderfum (Mo) and then with a caustic soda aqueous
solution, or by bringing it into contact with a caustic soda aqueous solution and then with activated
alumina. 15 (spetific sufaée Rea T alsBrocehi ik ihécaea AIEE Rk Latalyst used in

the first reactor ist200:t0r800 en24ge paeferably2501te d5amA/grmore preferablu 8Q01054QRm2/g.
20The specific surfglce area of the second._catalyst used in_the second reactor is 800 to 1,500 m2/g,

preferably 850 t6 140027 T01e satétablyodo £366 m2/8. ©° iterhe specific surface area
of the first catalyét is represenied dyo< ingmnddbe speeific sarfapeaseaat-3% theysecond 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, mucr%mor%hgrregeiréb%& E(g)oé/(% m %.a%t fhsth%épl?gé“gn i%\‘iletnt%%, he F(?a%/‘?igﬁ?e%erature in
the first reactor 6ar® be ted@cedlhy khmitingethespeciHis8drstirface area of the first catalyst used in the
first reactor, thereby making i RO p:I 1g reduce amgaunt of the formed carbon tetrachloride.
When the reaction temperature in%a%e%r“st re ct%(? %ﬁorjf%s ('}le%, t %ﬁggcﬁﬁ@a&ﬁﬁgaa alyst becomes
low, 10 wherebyhketifiraasted chdrineredlccuidany ancinteatidd bremire waideute are apt to
remain. Thus, when.the ghloringmaleaule, andghe,broming malecule remain in, carbonyl ehigride in
large quantities, they are contained in the polycarb(t))%%ﬁe S resin fiﬁaﬁyﬁlﬁeggbyngzﬁg%%acﬁ%gethe
quality of & polyEaibefBie fdsin PrEBEcOTheFERran? thepiessnEnventon thecamsents offthe
residual chloring malegule anddae residualhromingmolecule aps rednced by E‘ftaé'é%%@)aecond

reactor filled with the second catalyst having a 10 specific surface area of 800 tg 1,500 m2/g after the
first reactor. (typa'of&ataRsh types ofthe firshiSatist akd thé ScbofdcARly5a18 bt
particularly limited sAgy pofous;galid catalyst having the above specific surface area may be used as
the catalyst for this reaction. Activated carbon catalysts are often used industrially as the first catalyst
and the second tatalystBiit FFGHOUS TStYaRicH taGstStichiss 2851YE nha 30 Bffobe- used. The
activated carbomicaiadysis arewidely used begausaminere alea wide varety efthesatalysts, their

prices and dlsp%sé%lrcosglare .rglatlverly low a%((j){ eir handllrép and disp ?gl methods_are simple.

However, they have & big 25 problem t it Carbon teRTHidride ’oreddi SPhed by S 8 Eaction

between activatedrdagidn @hdld chionimrermcteculenW ke aninorganicl eatalyst sueh ag zegfite is used,
the formation of.ca/fagn igtraahlarids. can be.suBRigseed dye 19 1he absenge otcarbop e reaction

system. However since the catalyst is Inferior to activated carbon in reactivity, even When it is used
alone, it is diffictlt i@ btin eafsshyieHondetfating igh alus: Trerafdtex itis‘desired tende the
inorganic gatalyst in gprg@inqgiq)pwi_th the activated carbon catalyst. 11 The present invention is
characterized by finding a combination of the specific surface areas of the first catalyst and the second

catalyst as the conditiory foreRRAiIRi G ce?boRY dfofideshavisg kiprpiity HyBd@ppréssing the
by-production of sarantegachloridgmFuthet: sincehigh-purity.carhonylshlaride can be obtained

continuously for a long time industrially by limiting the filled volume ratio and catalyst particle diameters

of the first catal§St SR HE secoii BRIyt HREDrBE S T 18 5t ot tBiRGthe TarBEnFRAIGTe will be

described as welks s .

25 10. A process for producing a poelycarbonate resin by
reacting a dihydric phenol 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.
12. A molded article obtained by melt molding the
polycarbonate resin of the above paragraph 11.

In this text, the chlorinemolecule is amolecule formed

by bonding two chlcorine atoms and generally existent as a



(filled volume ratio of first catalyst and second catalyst) According to studies conducted by the
inventors of the present invention, it was found that when a carbonyl chloride 15 forming reaction is

- carried out continuously for a long time, the catalyst gradually deteriorates from the upstream side 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 Féttioh rafes iR SeEbr@Féatior increases, the amount of the by-produced carbon
tetrachloride grows, whiehds exnestes o besame- bighindystrial problem- Thegy, when,studies were

conducted by changing the volume ratio of the first reactor to the second 25 reactor, it was found that

high-quality carbohyFERIoHEE Tan B GtAneaToF 8B Bk CSatHRE B ARMeTRL® to an

appropriate valugnloxr fhatds.cas te-comdition waderombish biglpusit carhoaykchlogds cag be
produced c ntinuougli for a long 30 time, the filled volume ratio of the first catalyst to the second
catalyst is pgrefef_"ab(fy & 0971 FTREHiINEY GOIufTe Patiohd HorBSrBR a0y 575 t6ia /2 baktidifarly
preferably 6/4 to7Em itz (pasticle diametes oh catalysty 1 The avemgeqearticle diameters of the first

catalyst and the second_catalyst re eac %[ee%%blgg.B to§.0 mr.g] moreﬂgriferably 1.0 to 4.0 mm,
much more preferably 1516 5 3,0 mif. ‘When S diahiefars §Fe'SMdiRF ifth 0.5 mm,

m =gl
€ average
not only physicabpaetinfluemcesisublrasithe deteneratioh gehandlingyeass and:an meraagadn

pressure loss bli I% ](;B% ic_f;\I Q 9 influences such as an increase in the amount of by-produced
carbon tetrachloége glue to%’igh 1% r%ﬁ%ﬁ?ﬁty and the reduction of the life of the catalyst are

conceivablé. When the dveralge puaiticie aliameters arkarger thae 50 mmamdactivitebeeamas
unsatisfactory, wherehy the chioripg moleyle.ap &%H@&%@%@%@%ﬁg 10 {ginain,fn the

obtained carbonyl chloride disadvantageously. 15 (reaction temper hereaction
temperature in thEFRsPreaétr i freferasl S002-E50C | frieond preferably 35010 6000, Miuch more

preferably 400 t9550C The: reaction-temprr ayre-in2Q the sacogd reactords preferably 35 to 90C,

more preferably 40 to 80C, much more preferably 45 to 70C. The first reactor and the second
reactor are preférabIPcERTRIEY i SEridel AR cBRIHSG Yo the circumstances, the catalysts may be filled
in layers fg@m 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%&&%quﬁﬁgﬁi SHEd BEforE e Wrrgg’&or, between the first reactor and the
second 30 reactor, or affértheisecondseaciarl Tha toteh nupwhes of reaciarsitone installed-is

preferably 1 to 5, more preferabl 0 4, much more preferably 2 to 3, particularly preferably 2. 13 first
reactor is preferab yOT.%%% 5 916)%& %%ré%ﬁ}f{éar% £el'.02%%8%8‘§8. WhEH?h%H%)é FFatib% too high,
the yield may lohsrsAs snedrgpeitetikcmgethécamount oficarboraédtrachlaridechit is tenceiable to

reduce thg amoupts,of CO-al 12 ]ga g Q . ount of heat generated in the reactors. In this
method, productivityl?s ‘%)vy arrg‘gjic'[ils |ffi§:%%{?£ oétgr%g]gﬁﬁi‘gigﬁtegﬁ]%&ﬁtrd%a ccaerb%ﬁﬁ EnBGE: Another
method is to sepératecarbonybénoride nyedistilagore Howevarn: 16 thiemedthodiraralystiasithe effect of

reducing the amounts of thechlpring melgcwleand theshroming malecyls, and figh-pyrity garbonyl

chloride cannot be obtained only by this method. Since dedicated equipment is required for the
disposal of carbbrPtetrachioride collected by distillation, 15 this method is not preferred from the

industrial point ef.¥iewn deastion,pressdt8)ence numerals
25 1. head lamp lens body
2. dome-like porticn 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 of 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)



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
- t0 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, 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 lowe? tham'd O5INBS, e MALHSArdiBBecoMe¥ o 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 chloride. Carbonyl chloride obtained by the above
reaction methodBC%%Tbg%)&eﬁ%% &é&ﬁﬁfé%%r%%uﬁﬁ%ﬁéﬁ’ B éfﬂ%{sses and stored in a liquefied
carbonyl chloride storagerank:d4efqualitywehearbanyt chlasigde)e s c AJplegsithengualityaf carbonyl
chloride is fully rﬂaintained éor a long time, it is unworthy of being used for 5 industrial purposes. That
is, to use it for industrial %Iﬁrﬁoléés, even at a time relatively shortly after the start of using the catalysts
(for example, the prodhuetiph oflcachonytchlotideds: 2dhx 306 &gaw3 based on 1 m3 of a catalyst) and
even after long-term use, fgr %xargglr?, Rhe Brﬁdygt'%n 11Q 0 1(l:(r;:l][_b.onl)(l chloride is 1. X 107 kg/m' based
on 1 m' of a catalyst), hig -quaﬁﬁl cargonﬁ chioride musthe obt%lcl)necpslft%%ﬁﬁs © Acc%‘?ding to the
process for prodercagetdarbonyleahicnide ebthepresenttiheentiorp abany timeywhendhea dbicumulative
production of car, i n_1.m3.0of a stis-2.0 x 106 kg/m3 and 1.6 x 107 kg/m3,
the carbon tetraéﬁ%gr%ld&glggﬁt%%fg?%dé%b%me%d? éarg(%%l)ic]ﬁ] cs)fr%%r)éaﬁL é(trqéadfuc%la 656 }f):[p%neor less,
the chlorifé®molééalelriterftecarase Fetlived 160 psmedmess; and the hromine:motecule B0 content
can be reduced 4ocl0-BpgE lesgsr. 5 PS8t ADYdime when e unulative proquetign of
carbonyl chloride based on 1 m3 of a catalyst is 2.0 x 106 g/m3 and 1.6 x 107 kg/m3, the carbon
tetrachloride corfénBofeBhlaihed CafforyP cERAeE ddifie feeiedlies 10 ppm 25 or less, the
bromine molecule-gorientean be reduced to 10 ppm or less, and the bromine molecule content can
be reduced to 5 ppm or less. <carbonyl chloride> 30Carbonyl chloride obtained by the carbonyl

chloride production process dPInE pRéseht IeRtior Fak £darbbr tetiathioiiidcémterbsf 20 ppm or

less, a chipgine melectileoniertref 20ppmpriess@nd a-broamine meleculs:conteataf1Q ppm or less.
15 The carbon tetrachloride conéf-?]?]t IS Ereferab y 15 ppm or less, more preferably 10 ppm or less,

particularly pref€aBly’5 ppfiv 5r 1658 Th' 2hforiRe HhisietteYcohtehtiS Brétératiiy £5 ppm or less, more

preferably 10 ppm or le§$i5 particdlady preferatay Sqppm 0f lesse Thadramirg molece teatent is

preferably 8 ppm,or less, more preferably 5 ppm or.less, particularly preferably 3 ppm or less.
When the carboarllttcéﬂagc%ﬁlo%%lemcgocgt%%t %fcc%r[r?ﬁggﬁlﬂ %hﬁgﬁ%‘ fé%é’ﬁe??ﬁgr? lﬁbnpgpl%,gg% chitrihe
molecule contents16 rhigharetanl 2C phe codtind bromine motecule contiératristitigher shamé0 ppm,
the color gfocarbqogydlcg@gg&pgcggq%i\gg@g, gkpﬁly%@o%%t% reEiE ehaélli:r&g I&:arb% tetralcehloride
content of 2 ppm or less, a chlorine content of 1 ppm or lessand a bromine contento b ppm or less
is not obtained, A% the dbeRrEP Puly cafdoriztd sesrrdmenotsted rcolorantdnmal eodosion

resistance and gapnatLe.useshin:a wide varighaf fields sspalycarbanate tesiny 201 b nolycarbonate

resin of the present invention can be produced by reacting a dihydric phenol with carbonyl chloride
having a carbon-etFathI5RdE 2BRteht B PBPPmMGHEEs CoBRRARe Mokt EBAtRM of 2008pm or less

and a bromine mplacsis, content ol & pprRrless 2ahxamlesof therdihydrig phenol include
hydrqu|n205ne, polycarbonate resin. Chlorine having a low content of a
bromine atom can be produced by various methods such as

electrolytic soda method and Towns method. Out of these,

the electrolytic soda method is most economical and common.

30 {(carbon 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

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



resorcinol, 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-hydroxypheny1)-1-phenylethane,
1,1-bis(4-hydroxyphenyl)cyclohexane, 1,1-bis(4-hydrox§phenyl)-3,3,5-trimethylcyclohexane,
2,2-bis(4-hydroxyphenyl)pentane, 4,4'-(p-phenylenediisopropylidene)diphenol, 16 _
4,4"-(m-phenylenGi€opropyiid&md dighEron i 3 o U Ry BekypRERY D24 i 56510p§ R R isHexEne,
bis(4-hydroxyphenyhoxadeduis(damyriraxyilepyh sulbee rlist4=ydroxyphenybsulfexige o 1 s
bis(4-hydroxyphenyl)sulfone, bis(4-hydroxyphenyl)ketone, bis(4-hydroxyphenyl)ester,
2,2-bis(3,5-dibro?’r‘151c))£-l}?3. %{r]o%ygp'}iéeﬁ/ br nae?Bis%?,S%G%Forﬁo-%g}]r)fd%x%%ﬁ%ﬂﬁﬁﬁ’é of
bis(4-hydroxy-3methayighenyljsulfide, 101%Sdis(4chydronygphgryhiiueiene ardthe cuality
9,9-bis(4-h)édrox i3 eeth Ig%egyilggorggr%% Trheegimay be used alone or in combination of two or more.
Out of these, bis%/ -hy ro>¥)yp %ny alkaRes are pre?e'rred, and especially bisphenol A (may be
abbreviated as "BPA" héleiriaftenis:o&x tdmmenlyrnsed su 1 £ Ror shemanufactureddf a pabyearbonate
from the above dihydri , rbonyl chloride by interfacial paolymerization, a
catalyst, a termi%gl gggpgir%eﬂg%%ln 85%%?%%(%2%? %é)% Egr%\];g)r?t?ng %Ogﬁgagtiéﬁ%? %hnee%to%(}i‘hydric
phenol may be ajstiopiallyaseek e pblysarasatayhaycise s branchet potydarbbrate ebtaimed by
copolymerizing g palyiuncliesdl aramaticeampaunshaua 3 armpe Junctiona) guips, Examples of
e

the polyfunctional aromatic compound having 3 of more 25 functional groups inclu
1,1,1-tris(d-hydrékginafypBtRaFé et ] Actds g8 difemync s hy drisgyphenghsteme When the
polyfunctional cemperadforming, ahianehedPolyrasbonate s LoMRNed. i SABOLRLIS prefgrably
0.001 to 1 mol, more 30 preferably 0.005 to 0.9 mo196-, particularly preferably 0.01 to 0.8 mo1%
based on the wifolE &fSurt of B9 pBIEaDIORakS L Ut Il peynidrizatidh seadiohtof tREC
polycarbonate bydntesteeial polycondensation isgenerally aysastion betveana dinydricphgnol and
carbonyl chloride ir% the E%?ience of 17 an acid binder and an organic solvent. Examples of the
acid binder inclitfe-alkair fifetar iirBides such as sodium hydroxide and potassium hydroxide, and
amine compounds such as pyridine. 5Examples of the organic solvent include halogenated
hydrocarbons su(ch as n}ethylened%chloride and ci%lorobte eng A catalyst such as a tertiary amine, a
Speclric’ surface area O atalyar) i
quaternary ammomum compound or a qua?ernary |§nosp BRIUM compound exemplified by
triethylamine, tetra-n-butylanspenia i bromidé are 26 tetra-h-hity|phosphoniuna bremidesaaybe used
to promote the reaction. the reaction temperature is generally 40C, the reaction time js about 10
minutes to 5 hours, an2d pH during the reactlion IS pre?e%a%ly e%t}ggf 9 grr r%hfc??ezﬁnﬁtﬁ/e%%%yr%grization
reaction, a termiial caipping IS ugentis irrkdlly Ged. Pemonbfurictional phenol maybe used as the
terminal cpping agent-c¥e manofynciion phegobis preferaly pbengh g talytylahengl g
nal p

p-cumylphenol. Other examples of the monofunctional phenol inclugie monofunctio enols whose
nucleus is substfitédi By SE2GTshg-ER&iR kv §réGP heRing FO 8r Mdi@ carbehitemsys8éd as decyl

phenol, dodecykphenal detratdeeyl Mlﬁ@@ggw@% qggaqqcyb@hgmpb eicosyl phenol,
docosyl phenol and triacontyl Ehenol. The phenol has the effect of improving fluidity and resistance to
* hydrolysis. These 25 tefHfRl Qﬁpﬁﬁe&'g]e%§nﬂw§@ﬁ§e8%%@grW@o%bﬁfd%io‘?ﬁ&ﬁ%@r more.

The viscosity avetagepeleewlacwelght of #ig¢ s and the specific surface area of
25 the second catalyst is represented by Y 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 inventicn, 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
carbon tetrachloride.
When the reaction temperature in the first reactor

becomes low, the reactivity of the catalyst becomes low,



polycarbonate resin is not particularly limited. However, when the viscosity average molecular weight
is lower than 30 1.0 x 104, mechanical properties such as impact strength deteriorate and when the

- viscosity average molecular weight is higher than 5.0 x 104, moldability degrades. Therefore, the
viscosity average molecular weight is preferably 1.0 x 104 to 5.0 x 104, more preferably 1.2 x 104 to
3.0 x 104, much 18 more preferably 1.5 x 104 to 2.8 x 104. In this case, it is possible to mix a
polycarbonate hARG S VisEsity A RTEGE thafbd R REIgRPSGRHEhR bR raRge2S16Ag as
moldability is majmiainatk keyiexamples tdsanssibledad mix a pelyearhpnate companenthaving a
viscosity average rtlloleuilar ng;%[r}li'\[ hg);her than 5.0 x 104. The viscosity average molecular weight
M in the presentiRvENTbHTIS B UGS BESET S tHeFBNEWITT R atio - frORPIFRE 'spEdifE ViR osity
(risp) of a solutiomcbatajring6.7tg. tQ of the ipelyearbanate sesie dissolvad ipd0p-m-abmethylene
chloride at 20 C]:: whj{ch g,%bt '?ed iltpe%g Ost a!cd viscomgter based on the following equation.
Specific vistosity (fisp) = (t -?g) ' [tae At e\%ecegnléjsﬁ?eqlﬁi%at 3¢ tt%laﬁojp hg’6f Methylene 15
chloride and t isrotiyied sécordss reguired for tidroppiiief aSaneple solutinge] pispéerEn] + 0.45 x
[n]2c ([i] repres INtrinsic viscosi 3.[11 =,1.23 x 10-4M 20c.= 0.7 To measure the
viscosity averagjé111 r?wlgl%é%léég W%é%t o%%ﬁ?en%glﬁéar%%ﬁa% %sﬁ,'\%ec oﬁgﬁf“n%@prrﬂéjcjé%‘fj?g fs ?ﬁléen. That
is, the resin is diskslvetsihduethyhsrmndhieride is euaeight eatie o ¢20 toy1130; salliblexmatter is
collected 25 by irat] sqlution, | Y n lu tter is dried completely so
as to obtain a m%%k%?gr&?e%tr%ﬁ(ﬁoﬁybﬁlg%gié? {(I)%%l ge%%‘@thg és%%§ ?é éestg]\?gg ?n%fé*éf %Trﬂ%f%nethylene
chloride t& fhea§iBahE spebifit Mo sy €pPbf BlobtaidedSSlutichat2DCwithizn 33 Gstwald
viscometer so agdg galgulate 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 19 content of 0.5 ppm or
less is obtained bystisng the-akeveydescribed carbonyl chloride having reduced contents of impurities.
The polycarbonate resin js excellent in color and metal corrosion resistance. When any one of the

carbon 5 tetrachloride cORERY B cRiofine dioflofit a¥d tha st srime SR eorréRtiy Dhtside the
above rant®, a pokycadionate teisitu Mdichyis infetioe in. colorpngddnetak carEasian sasistapse is

obtained. The cgg@gﬂtetraﬁglori}ge content is Fr.eferablggfl.S ppm 10 or less, more preferably 1.0 ppm
V0.8 BF ey’ RrorEbrefdtably o6 ppnt BFless. The

C ve Spec
or less. The chlofing atbni content is pre?erafo
bromine atom coatent isspreferatiliz Dsd ppma of tess, ndereipreferdbbp@Bppmardesstihare

polycarbonate rgsin of the pyesent invention m ontain additives which are generally contained in
a polycarbonate res?n, suc%aé p%oggﬁo%%qgagéd%é%b%eﬁ %iﬁgé:rae%yp%erﬁ- ggleed B é|§iz(%r,
ultraviolet absortreht. fiestelutardaretisluing ageatlight diffuséy, sntistatic agentccoampouag having

heat ray ahsorbing.capabilitye g

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 uged,
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 to 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.



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
article> 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 obtained
efficiently by injection moldind TRjaefion MbiGNG iftudds MR ComdredsioR %&Fﬂﬁﬂd}fﬂnj@ction
press molding, gasnassisttinjeatierr madingpleant moelding finekiding=whatgompesesi thednjection of a
supercritical quidgé{nsgrt r{]oldir%rg,é?l-mold coagn% mol ing insulat?éd 20 runper molding, quick heating
and cooling moldifhg” d8ibleEbTor MiIdHTg LaRdWicH mbTding Snd StpEPRh si¥e dfififection molding
which are emplayedaaictording 4o purpasechemadyantagesrof thesemelding fechyiques are already
widely 5 knpwn. The cald runner, system and the hot runner system may be selected. for molding.
The polycar onate %g%go the p%};eer?ﬁfﬁ\?ern%%ﬁ%éf Be?i{rmé(g eﬁ%l a%er%ﬁ%ce%(]?ﬁjéilo%emolded article,
sheet or film by Bxtrasien meidieg. nftatiopicdlepdesing amd 110 chstingitechmqueshiayialsd be used
to mold a sheet or fi p b resin of invention is excellent jn color, heat
stability at the tir(%%lqtl)éﬁ rﬂéﬁ%ﬁ\%ﬁgn !ri%?él g&?ﬁsu?ﬁﬁéusﬁ%ﬁﬁﬁﬁ%&%@ sedlfrﬁlgﬁt{lc%l %}rloeducts,
automobiles, hofisigsdor silivoe wetérscaraldsasetit shdosiestionie edfliprasatr andfspettacle
lenses. In add'“@':‘lr'éE%QE&WQE“élHBdQ‘?{Ea%%%E%&O%'%E'é%%Oé‘tmaEE@eﬁr%‘&@é'ég%£59”5e5 and
es.

greenhouses. It can also be used in roofs for garages and arca It can be further used in
illuminatiohOlensesCRRfFiE g hE feh<ear ReRes Z09repial B§librkentafinsid speetdtes lenses,
snow goggles, sound absorbing walls, windshields for motorcycles, nameplates, solar cell covers,
solar cell base materials, covers for displays and touch panels. It can also be used in game machines

such as pinball athi S, CREURE VRS 25 Eh 5448 BritPhAY SicR S SIREAMEARERGUIRIES.

Further, molded articlesrafdbe polygarbanate resin @i tlie presennvaationLanda-subieetgd to various
surface treatments. The syrface treatments such as vapor depasition (such as physical deposition or

chemical deposiion} 30 patig (stich ad bI¥&TopRHG, HoREIEEFNAIE BRERG 6 FSHEE Histing),

painting, ddating and jpuintinepareiused sodfern redenuayssonithesusfagerlayer obagesinmaplded

article. Techniq%le,ls Whicchagre %eneraclj{}_/1 Uﬁd fqr E%I¥garbo gte fsir;lna{%templo ed. The surface
. ) . h

treatments 21 include ha Soatiﬁaéwa er-r%peﬁlng And o “fepelling coating ~UV absorftid coating,

infrared absorptidh soatiryy abdnretadllizing (sbelt as depasition) ZEramplesiua 1 Thefollawwing
examples are proyidedsforthe purpose. of furthersillustrating. resent invention but.are in.no way to
be taken as limiting as long as they do noEf1 depart from t&e gglgs}fe%%ﬁie ﬁh%/eﬁtg}gng?%%?t%" %t te
examples mear®&VEl " paes byhee RjpE U RRCEY Bl aaesiasg Mokt lortevahstivhs wete darried out

by the followingsmethpds. (1) Bromine atem-enteat ehchigring . 1A sample solution prepared by

decomposing 1 liter of a chlorine gas with 40 ml of a 20 % NaOH aqueous solution 15 having high

purity, diluting th8 YetdRTPYSIFGTSoREoRE AT HAES aneEfifatmiy it vitth Blvatonrerwsiieg filter was
injected into an @nienehreaatagnanh (D300 S Nippen Q@%S&@e&%ht%@e@%@%ﬁ; amount
of a bromine ion. (2) Carbon tetrachloride content of carbonyl chloride 201 R1 of carbonyl chloride was

injected into a gasTHBAARSGraph SFRBHET with'&s Blecidft AtHAAG Betécisr AnpEaIT6Eof Hitachi,

Ltd.) to be meagyrethanging the volume ratio of the first reactor to the second
25 reactor, it was found that high-quality carbonyl chloride
can be cbtained 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 ig preferably 4/6 to $/1. The filled volume
ratio is more preferably 5/5 to 8/2, particularly preferably
6/4 to 7/3.



(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
- KagakuKeiki Co., Ltd.) to determine the amounts of a chlorine molecule and a bromine molecule. (4)
Color of carbonyl chloride 30The color of carbonyl chidrile was checked visually through the internal
inspection wmdoe%/? o}‘: a ilg;gfl%d}_ gtrg)er%%e tané< f8£ 1Ehelformed carbonyl chloride. It was rated based on

the following five fiteria- AS tfie AUMETal Becontes a}’ggetr,) a tinge of yellow becomes stronger. 22

Color rating 1: almost caltrte ss/€oloy eatiag Ritinge of yelove issslight «ZeloF tating 3:dtinge efyellow is
a little strong Co ing 4. tinge of yellow is strong 5 Cohc:r rating 5: tinge of yellow is very strong
For color ratingSJ%[(gglc"’ip&goSt€g c%‘gtﬂceg)sg %t?r%’s?ﬁ igfugdgeeacf ot %ﬁeq%ﬁgl%@%éf %a)réndtn%ll %hpoﬁqv%’ is normal
and satisfactorympaecoloe fatingd, thé quality éf. Carhonyhehitrite issshightlfeabriotmal. Forceolor
ratings 4 ang 5, 30t judgagthat the qualty, ofcarhany) chigrde isabnarmal. & polyearponate resin
obtained by polymerizing the carbonyl chloride of color rating 4 or 5 greatly deteriorates in metal

corrosion resistéhce. 8) CagorPietiachlivriietcohténcbf of/casbortte sesih 15Aftehs g of a pellet
was put into a 120 valstaiplessostesk cpatainemhe caataines was ﬂ?&pgg%%ti%ﬂ“#r%%dsw peliet was

heated at 250C for 2 hours, 1 ml of a head space gas was injected into a gas chro atograpﬁ equipped
with an electron@pturitig-détbefor (RRIBEF263 Br HithBhil LRIFEE téHidasufe fie éaoaaerachloride

content of the palycarkogataiesiBs (6) Ghleiing-atom-cantent aRd bremine;aiom content oy,

polycarbonate resin A plate obtained by thermally compression moldinf% 25 polymer powders at 190C

was used 1§ mehEaretthd ety ShEchRiine e ahdthe ihidrif ol & Bremiie Hiomaitn

fluorescent X-raydR$¥2600-0ERigakueRenk kagyeGe. phidd: d7):Golamekralycarhonateesin molded
article The Yl value of a 2.0 mm-thick molded plate obtained 30 by injection molding (SG260M-HP of
Sumitomo Heav ﬁﬁugfrloeg,“ﬁl_tdﬁeazf%%ﬂihﬁ&%&ﬁﬁ@%ﬁu%‘ﬁ?’éi@é‘i‘l\‘iﬁ_sogéfcui'ﬁ?@& ¥ 50 and Z
values obtaineddiylmearering transtteddightavith thel Z<l 0RIRP e Ediferprce snetar-ofNippon
Denshoku Co., Ltd. ‘L_)ﬁge%}(:‘)@ghef lowin egui\tion in acc rd%nce ith 23 ASTM-E1925. As the YI

value becomes Iarger. a tinge of yellow ot the molded Pratd hedoras SHbHyeF V1= F100(1.28X -
1.062)]/Y 1$8) Molding heat stability of polycarbonate resin 5The Y| value of a molded plate having the
same shape {reaction temperature)

The reaction temperature in the first reactor is
preferably 300 to 650°C, more preferably 350 to 600°C, much
more preferably 400 to 550°C. The reaction temperature in
20  the second reactor is preferably 35 tc 90°C, more preferably

40 to 80°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 reacticn heat.

Another 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 ratio of CO to Cl, introduced into the



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 same manner as in (7). The difference AY| was obtained
- by subtracting the Y1 value of 10 the test sample before residence from the Yl value of the test sample
after residence. (9) Evaluation of mold corrosion resistance of polycarbonate resin at the time of

molding 200 transparent head lamp lenses shown in Fig. 1 were 15 molded continuously at a cylinder

temperature of 1S AnbR MoRied femMpBrAatAPo8dC it R ikjctlibn MBI Aedeime LY

(SG260M-HP ofiSumioms Heawy Industdgs: kid dandthenthe swiace of the metgkmold was
subjected to a moist heat treatment at a relative humidity of 100 96 and a 20 temperature of 120C for

24 hours to obs&RE th&'&BFrosion of the surface. The degree of corrosion was evaluated based on the

following five criteria. Assthe: aumeralhetonieslangers it drgree @ epHasien bgeamss figher.
Corrosion r ting.]t: %Igpost not corroded 25 Co%osion ratingggésg%htly corroded Corrosion rating 3:

more corroded CorroSionTating 4% ftich Mot Coroded CaIPeHBH Tafity 5° FEat orfiHiasFor
corrosion ratingsidcanch2 cuhofithesefratings, 3@itds idgedithatthe quality ef-earbonyl ehloside is

satisfactory and_the degree of corrgsion |s acceptable. Far cqrrasion rating 3,.corrosion slightly
proceeds. For c‘é"ﬁ%%%ﬁ'raﬁ%é’ﬁl %%n]dVSI, lflyis"qil?d%lt‘éjdﬂ7 th%li‘%orlr%si%rsw p%ré%tg;lc?sut]ots&c% 8??5?( t that the
quality of carboryl 24fdhlerides abmowmal. ¥Fher thepely cathbnatelresin afcotresionaating 4 or 5 is

molded, the screw qf.a Ig'@ggga Q qr. Pfe rface of a metal is easily corroded with the
result of poor quality. 5 Example 1 (pro 8(: on %%ca?’tp)lo%%/l%Hlt;ﬁrilcﬁe?ﬂ%a%]f%doli%%%YeerrWas let
It of lt I ?%
pass on the’she ¢ ti-¥L MypeTeastor frgthe funst g tOweaction heat,
R shelllside BRA RNt ngbigantypesebbor favmgithe funstibnadfrenidwin ion h

and a first reactgfillggwith ¢a¢cqniit shet actiyated, carben, (fg%ﬁﬁlgsgg@é(mg%% specific surface

area of 400 m2/g and an average particle diameter of 2.5 mm was installed on the tube side. On the
downstream sideGHthe fitst rraeforP20C b Sk belingl varr s ke patsdn arechkl Side bia multi

-tubular type reagtenbavingghe fdnciion:of Jemoving reartion heat, a0d.a secondreactqr filled with

coconut shell activated carbon (second catalyst) having a specific surface area of 900 m2/g and an

average particldiSRRIEHoPS. 5 AT Was ©BYASHHSH bRtHeIBE SRS PY Al &srderet #rough which
-25C bring was {eiipasacanealiquefiestcarbenyhchieride- sieragetankanerednstalled oncther
downstream side,of the second reactor. These apparatuses were connected in series to obtain 25
carbonyl chlorid\élt?flétting 10.30 Nm3/hr of a CO gas and 10.00 Nms/hr of a 012 gas in a CO/C12
molar ratio of 1.030 pass from the first reactor at a pressure of 0.15 MPa (gauge pressure). The filled
volume ratio of tpée fig&g%talysjt: Eeostshi(i:'f':é cond catalyst was 6.7/3.3, the reaction temperature 30 of the
first reactor was 520t , and the reaction emperature of the second reactor was 45C.

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 C.30 MPa. When the reaction pressure is higher than 0.50
MPa, the reaction rate becocmes high, whereby the reaction

25  temperature becomesg high with the result that the carbon
tetrachloride content of carbonyl chloride may become high.
When the reaction pressure is lower than 0.0% MPa, the
reactioen rate becomes too low, whereby huge amcunts 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 chloride.

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

and stored in a liquefied carbonyl chloride storage tank.



25 quality of carbonyl chloride when the cumulative production of carbonyl chloride (based on 1 m3 of
a catalyst) shortly after the start of aeration became 2.0 x 106 kg/m3 (Table 1) and the quality of
- carbonyl chloride when the cumulative 5 production of carbonyl chloride (based on 1 m3 of catalyst)
after long-term operation became 1.6 x 103 kg/m3 werkichecked and shown in Table 2. (production of
polycarbonate resin) 10Then, 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 aqueous
solution were fed émalreagtos equipped:with athermaeneter, stirrer and reflux condenser, 57.5 parts
(0.252 mol) of 15 2,2-bii(]4t-h droxyphenyl)propane and O.éz art of hydraosulfite were _dissolved in the
resulting solution, 181 par %% %ne%ﬁﬁe é %: oJE?' evaf’lasC 3d @ﬁ%ith%hrggaﬁﬂﬁ sofutiont&¥d 28.3 parts
of the above canbanyltchiorde fivas bldwmintoithe reactdrsat thvta-25¢ widerdgitationeovern20 40
minutes. After carbonyl chloride was blown, 7,% rts of a 48 % sodium hydraoxide agueoys solution
and 2.42 pagrats o} %(%%%-%l}t%/&)h%ﬁgpﬁgr%sadde %? thlesr’esEﬁinléSp@roéuct?%re o %}ﬁse%rﬁr%%uct was
started to be stinpad andemulksified, ©.08 partef tristhylamine wsiscaddied arfid furthérestirred-at 25 28 to
33C for 1 hour, apd i reacfign V%&?i@g‘@éed(-foz éﬁl%(gn??ee” ?gethﬁﬁ%%‘f}é%% the dBSé"d“Ct was

| y or

diluted with methylene chloride, rinsed irf water, made acidi¢ with hydro ic acid and ¥insed in

water, and wherFgedeatuetivitoidewater phastetaie dquzsdoathat of ioh 30-exetange) water, this
methylene chloridesslytion wasadded-dropuise tohe hat water.of 4 kneader %%r\]@?a%e Jhifqlated
ylene

chamber with a foreign matter take-out port in a bearing portion to evaporate m chloride so as

to obtain pdlycafforfza& PesiH howaer hading VisCosityldveragéys hasiesularwigh op 15300.
The powders werg«lriegkat) 145G dor-6haurs: and-0-984yit%.af Kisi@e 4rdistert-butylpheny)phosphite

and 0.06 wt% of monoglyceride stearate were added to the powders. Then, 5 the powders were melt
kneaded by me&E8fY vented double-screw extruder (KTX-46 of Kobe Steel, Ltd.) while deaeration

was carried out at a cylindectemperaise of 24pEdeHbtain spelyerrhenate resin . The
evaluation resultgﬁé}the fbtaiged carbonyl chloride and polycarbonate 10 resin are shown in Table 1.

Example 2 ChitridkHhdPZ POR/RarboRATe Fesit pefist VI&R8 Ghtahetitfithd £8me manner
as in Example lcexcept thatel pihedfilledivolume ratiokefthe firsiicatalyst enihesesond gatalyst was

changed to 9.1/0.9. Th ev%luatioa rgsg{ltigg tpe(?b;taineéj gar%m}gy hl rigegand olycarhonate resin
3 e ob

are shown in Ta%lg?f%}ftﬁer,ltﬁe evaltiation restlls & obtained car rﬁnyl’crﬁoﬁdgaa en

polycarbonate r&sinaftar ROrlorg-termitoperatidntzdre st ireTablerddExampte 3 i deCagronyl
chioride and a Rolycarhanale tesia pelighwsre ablained,in the same.aNNFL A% 0 Example.L except
i S ) gedto 3.

that 25 the filled volume ratio of the first catalyst to the second catalyst was chan ?/%.7. The
evaluation resultssf e EE@HRRFc&DORY BIBriee aheSsolyearbonhte kesimareshowadn Table 1.

Further, the evaluafion restls, o the,qbiaines qasbanylshipride and.polycarbonate resin after 30

long-term operation are shown in Table 2. Example 4 Carbonyl chloride and a polycarbonate resin
pellet 27 were obtained {heSamé maiiér Bsis EXafiblé Noextepti e averdeiarttle

diameter of the fist catalystpvasshangastosssdamed he ayaluation esulis of the gbtained carbonyl
chloride and porl%}?grbgﬁgte resin are shawn in Table 5 1. Further, the evaluation results of the

obtained carboryl cAIGAdE B pdlyEatBontie Fesirt Bt doritiemt bperitibriaresrsi it able 2.

of the obtained carbonyl chloride can be reduced to 10 ppm
25 or lesg, 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 chlorides

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

10 ppm or lessg.



Example 5 10A 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 m2/g was used in the
- first reactor and activated carbon having a specific surface area of 1,200 m2/g was used in the second
15 reactor to obtain liquefied carbonyl chloride. A polyéérbonate 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 Tablé 1 FiRtRP the vt ation reStils Bt Hid btk d TaF6iRA B ot enisidle and
polycarbonate resin bétes jongstesmeopefatiaibage showpin dablesk £xapapte S 1aagtipn for obtaining
carbonyl chloride was carlr)ifd ?55 out under the sarrJIgncongli ions as in am‘glle 1 except that activated
carbon having a“Specific surace area of 1,000 m2/g wa$ UsEd i fhe"Secont e dttor™ait tHé reaction

pressure was changberteil.40 MPaggaoge peessurepteeobtastkquefied carbppyl ehtonidesA
polycarbonate resin pellet w. ohtained in the same manner as,in Example 1. The evaluation
results of thge ob%%ﬁg)& %gr ao%?%ﬁt?r?e%n? E)’(Ef/@gr%gnrat%er%gih a#&&%ﬁﬁg}ﬁ Dr%gigﬁle%irj%er, the
evaluation results-ofttie tobtainededze e thiorgeand polycarbowate nesimfafterdaygdermproperation
are shown in Table 2 .28 E ple 7,1 ' aini rhonyl chloride was carried out
under the same condﬁioné ;%i% Ex%m&g%’;%%%%%%bg%eﬁler%ﬁgnggr%%%éwas changed to 0.51
MPa (gauge pressure) t_%l“eﬂﬁaiﬁh'@u@ﬁé@@@rﬁtﬁ@?éﬁbﬁ@éiﬁ@oﬁf@%ﬁ@ﬁa@fesiﬁﬁefuew/as obtained
in the same ma@@@cﬁ%kﬁ‘e@‘érﬁ@@’{%f—r he gyal phr e@HESc@HQ%99@&989&@69%”&’5%@%99 and
able

polycarbonate resin are shown in 10 1. Further, the evaluation results of the obtained carbonyl

chloride ahfl polyEafbthae rédit BftéP 0P tterifopeistidn arelsifoW e TaBle ZEanpleis 15A

reaction for obtainiggecarbaayl chiokigs wasrcarded outyndes thesgmegonditions as i kxample 5
except that a zeolite catalyst (specific surface area of 500 m2/g, average particle diameter of 2.0 mm)

was used as th&'firs? GatdlyBALYSIRERIRfEfied TaHo AT e de. 58 hBRRaRssiRE RbYesREpellet was

obtained in the samesnanser apitnExanipe S, The Bvalvatiendesulisef the obtaines.cathanyl chloride
and polycarbonate resin are shown in Table 1. Further, the evaluation results of the obtained carbonyl

chloride and po/eariorXkS el afiePlorgtterth dhctafBi afd sHGWIT i 353 %4bI& 3t Ebhishrative
Example 1% reaction fer alitaining: dagbohyt-ehibride was-eartinddit ander thessame eenditions as in
Example 1 except éh%te %O fcgv%tggscjgr%og havglg as egifig surfnacetarea of 90 m2/g Wa§ used as
the first catalyst to obtalnallqué%led carBonercsthorl e. Apo ycacf‘ﬁorﬁ}zﬁe resin. 68 etWas dbtaied in the
same manner asam Exaynpié 1f Thédwaluation results of the obtained carbonyl chloride and

polycarbonate resin are shown 29

<pclycarbonate resins

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 Examples of the dihydric phencl include hydroguinone,
resorcinol, 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-bisg (4-hydroxyphenyl)butane,

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

4,4" - (p-phenylenediisopropylidene)diphencl,



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 m2/g wag éised 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 réstlts fﬂTéﬁbeﬁ}gﬁh%}aec%rﬁgﬁW CRRYine SR Sy EA¥BBRAte resin are shown in Table 1.
Further, the evaluatieh 1egultsheithe-oftaiaes caraonyseblotige erddiolycarharate resin after
long-term 15 operation are shown in Tahle 2. Comparative Example 3 A reaction for obtaining
carbonyl chloridg%/vsa(iéc_arﬁce% %%5% bi(? grﬁ%%?é f??sjtsc %la_lyi/sl %\7\%&%636? B hE'$LESAE 20 catalyst in
Example 1 to obtdia lifukfred carhunyhghlbadé fApolicarbonate resin pellet was obtained in the same

manner as in Example tion-results. of the ghtained, carbonyl chloride and polycarbonate
resin are shg(;wn in Tg%Iéﬁiggﬂ%féﬁ%%jélﬁ%uo&cga?&n% %:%I(E hy[%p)ég_%ﬂenfy Bss

0
oride“atthe start o oper%{ﬁ h was
unsatisfactory intthis{éxgeritnonty iortenesdezation was not carried out. 30 carbonyl chloride

e R R WAL S ST AT, OSLATD ST0 OF 0TS 05T 0
bis(3,5-dibromo-4-hydroxyphenyl) sulfone,
bis (4-hydroxy-3-methylphenyl)sulfide,

10 9,9-bis(4-hydroxyphenyl) fluorene and
9,9-bis(4-hydroxy-3-methylphenyl)fluorene. They may be
used alone or in combination of two or more. Out of these,
big{4-hydroxyphenyl)alkanes are preferred, and especially
bisphenol A (may be abbreviated as “BPA” hereinafter) 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 polycarbcnate may be a branched polycarbonate
obtained by copolymerizing a polyfunctional aromatic
compound having 3 or more functional groups. Examples of
the polyfunctional 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
polyfuncticnal compound forming a branched polycarbonate ig
contained, its amount is preferably 0.001 to 1 mol%, more

360 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
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an acid binder and an organic solvent.

Examples of the acid binder include alkali metal
hydroxides such ag sodium hydroxide and potassium hydroxide,
and amine compounds such as pyridine.

5 Examples of the organic solvent include halogenated
hydrocarbeons such as methylene chioride and chlorobenzene.
A catalyst such as a tertiary amine, a guaternary ammonium
compound or a quaternary phosphonium compound exemplified
by triethylamine, tetra-n-butylammonium bromide and

10 tetra-n-butylphosphonium bromide may be used to promote the
reaction. The reaction temperature ig generally 0 to 40°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 ig generally used. Amonofunctional phenol may be used
as the terminal capping agent. The monofuncticnal phencl
is preferably phenol, p-tert-butylphenol or p-cumylphencl.
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
phenol 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 combination
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 weighﬁ ig preferably 1.0 x

10* to 5.0 x 10*, more preferably 1.2 x 10* to 3.0 x 10%, much
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more preferably 1.5 x 10* to 2.8 x 10°. In this case, it is

possible to mix a polycarbonate 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 10°%.

The viscosity average molecular weight M in the present

invention is calculated based on the following equation from

the specific viscosity (ns) of a solution containing 0.7 g
10 of the polycarbonate resin dissolved in 100 ml of methylene

chloride at 20°C which is obtained with an Ostwald viscometer

based on the following equation.

Specific viscosity (ng) = (T - to) /g

[ty iz 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]

Nep/C = [M] + 0.45 x [n]1°c (In] represents an intrinsic
vigcosity)
Ml = 1.23 x 107*M%%°

20 c = 0.7
To measure the viscosity average molecular weight of
the polycarbonate resin, the following procedure is taken.
That ig, 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 obtain a methylene
chloride~soluble sclid. ©.7 g of the solid is dissolved in
100 ml of methylene chloride to measure the specific
viscosity (nep) of the obtained 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
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content of 0.5 ppm or less is obtained by using the
above-described carbonyl chloride having reduced contents
of impurities. The polycarbonate resinisexcellent incolor
and metal corrosion resistance. When any one of the carbon
5 tetrachloride content, the chlorine atom content and the
bromine atom content is outside the above range, a
polycarbonate resin which is inferior in color and metal
corrosion resistance is obtained.
The carbon tetrachloride content is preferably 1.5 ppm

106 or less, more preferably 1.0 ppm or less. The chiorine atom
content is preferably 0.8 ppm or less, more preferably 0.6
ppm or less. The bremine atom content is preferably 0.4 ppm
or less, more preferably 0.3 ppm or less.

The polycarbonate resin of the present invention may

15 contain additives which are generally contained in a
polycarbonate resin, such as phosphorus-based stabilizer,
hindered phenol-based stabilizer, ultravioclet 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 chject of the present invention ig not impaired.

25
<molded articlex

Various melded 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 obtained 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

filuid), insert molding, in-mold coating molding, insulated
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runner melding, 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 polycarbonate resin of the present invention may
be formed into a profile extrusion molded article, sheet or
film by extrusion molding. Inflation, calendering and

10 casting techniques may also be used to mold a sheet or £ilm.

The polycarbonate resin of the present invention is
excellent in color, heat stability at the time of molding
and metal corrosion resistance and can be used in optical
products, automobiles, housings for silicon wafers and

15 electric and electronic equipment, 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 lenseg, snow
goggles, sound absorbingwalls, windshields for motorcycles,
nameplates, solar cell covers, solar 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 layver of a resin molded
article. Technigues which are generally used for

poiycarbonate resin are employed. The surface treatments
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include hard coating, water-repelling and oil-repelling
coating, UV absorption coating, infrared absorption coating

and metallizing (such as deposition).

5 Examples
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
from the 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 atcm content of chlorine

A sample solution prepared by decomposing 1 liter of

a chlorine gas with 40 ml of a 20 % NaOH aguecus 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 chloride

20 1 pl of carbonyl chloride was injected into a gas
chromatograph equipped with an electron capturing detector
(Medel 263 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 (Model 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 chloride was checked visually
through the internal inspection window of a ligquefied storage
tank for the formed carbonyl chloride. It was rated based
on the following five criteria. 2As the numeral becomes

larger, a tinge of yellow becomesg stronger.
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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 quality of carbonyl chloride is normal and
satigfactory. For color rating 3, 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 peolymerizing the carbonyl
chloride of color rating 4 or 5 greatly deteriorates in metal
corrosion resgistance.
(5) 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 obtained by thermally compression molding
25 polymer powders at 190°C was used to measure the intensity
of a chlorine atom and the intensity of a bromine atom with
fluorescent X-ray (RIX2000 of Rigaku Denki Kogyo Ce., Ltd.).
(7) Color of polycarbonate resin molded article
The YI value of a 2.0 mm-thick molded plate obtained
30 Dby injecticonmolding (SG260M-HP of Sumitomo Heavy Industries,
Ltd.) at a cylinder temperature of 310°C was calculated from
X, Y and Z values cobtained by measuring transmitted light
with the Z-1001DP color-difference meter of Nippon Denshoku

Co., Ltd. based on the following equation in accordance with
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ASTM-E1925. As the YI value becomes larger, a tinge of yellow
of the molded plate becomes stronger.
YI = [100(1.28X - 1.062)1/Y
(8) Mclding heat stability of polycarbonate resin
5 The YI 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 same manner as in (7). The
difference AYI was obtained by subtracting the ¥I value of
1C the test sample before residence from the YT value of the
tegt sample after residence.
(9) Evaluation of mold corrosion resistance of
polycarbonate resin at the time of molding
200 transparent head lamp lenses shown in Fig. 1 were
15 molded continuously at a cylinder temperature of 310°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
20 temperature of 120°C for 24 hours to observe the corrosion
of the surface. The degree of corrosion was evaluated based
on the following five criteria. As the numeral becomes
larger, the degree of corrosion becomes higher.
Corrosion rating 1: almost not corroded
25 Corrosion rating 2: slightly corroded
Corrosion rating 3: more corroded
Corrosion rating 4: much more corroded
Corrosicon rating 5: greatly corroded
For corrosion ratings 1 and 2 out of these ratings,
30 1t is judged that the guality of carbonyl chloride is
satisfactory and the degree of corrosion is acceptable. For
corrosion 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
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chloride is abnormal. When the peclycarbonate resin of
corrosion rating 4 or 5 is molded, the screw of a molding
machine or the surface of a metal mocld is easily corroded

with the result of poor quality.

Example 1
(production of carbonyl chloride)
40°C 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 m°/g and an average particle diameter of 2.5 mm
was installed on the tube sgide.
Cn the downstream side of the first reactor, 40°C
15 coolingwater was let pass onthe shell sideof amulti-tubular
type reactor having the function of removing reaction heat,
and a second reactor filled with coconut shell activated
carbon (seccond catalyst) having a specific surface area of
90¢ m*/g and an average particle diameter of 3.5 mm was
20 installed cn the tube side.
A condensexr through which -25°C brine was let pass and
a licuefied carbonyl chloride storage tank were installed
on 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 C0/Cl, molar ratio of 1.030
pass from the first reactor at a pressure of 0.15 MPa (gauge
pressure). The filled volume ratio of the first catalyst
to the second catalyst was 6.7/2.3, the reaction temperature
30 of the first reactor was 520°C, and the reaction temperature

of the second reactor was 45°C.

{1ife of catalyst)

Further, to confirm the lives of the catalysts, the
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guality of carbonyl chloride when the cumulative production
of carbonyl chloride (based on 1 m° of a catalyst) shortly
after the start of aesration became 2.0 x loﬁkg/nﬁ (Table 1)
and the quality of carbonyl chloride when the cumulative
5 preduction of carbonyl chloride (based on 1 m® of catalyst)
after long-term operation became 1.6 x 10’ kg/m* were checked

and shown in Tablie 2.

(preduction of polycarbonate resin)

10 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 aqueous
solution were fed to a reactor egquipped with a thermometer,
stirrer and reflux condenser, 57.5 parts {0.252 mol) of

15 2,2-bis(4-hydroxyphenyl)propane and 0.12 part of
hydrosulfite were dissclved in the resulting solution, 181
parts of methylene chloride was added to the resulting
gsolution, and 28.3 parts of the above carbonyl chloride was
blown intoc the reactor at 15 to 25°C under agitation over

20 40 minutes. After carbonyl chloride was blown, 7.2 parts
of a 48 % sodium hydroxide aqueous solution and 2.42 parts
of p-tert-butylphenol were added to the resulting product,
the obtained product was started to be stirred and emulsified,
0.06 part of triethylamine was added and further stirred at

25 28 to 33°C for 1 hour, and the reaction was terminatred.

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

30 exchange water, this methvlene chloride 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 obtain

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 ¢.004
wt% of tris(2,4-di-tert-butylphenyl)phosphite and ¢.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 cbtain a polycarbonate resin pellet. The evaluation
regsults of the obtained carbonyl chloride and polycarbonate

10 regin are shown in Table 1.

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

20 long-term operation are shown in Table 2.

Example 3
Carbonyl chloride and a polycarbonate regin 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 obtained 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 operaticon are shown in Table 2.

Example 4

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

are ghown 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 liguefied carbonyl chloride. &
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 chiloride and polycarbonate resin after long-term operation

are shown in Table 2.

Example 6
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 m%/g
was used in the second reactor and the reaction pressure was
changed to 0.40 MPa (gauge pressure) to cbtain liquefied
carbonyl chloride. A polycarbonate resin pellet was
30 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 polycarbonate resin

after long-term operation are shown in Table 2.
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Example 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 ligquefied 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 cbtained carbonyl
chioride and polycarbonate resin after long-term operation

are shown in Table 2.

Example 8

15 A reaction for obtaining carbonyl chloride was carried
out under the same conditions as in Example 5 except that
azeoiitecatalyst(specificsurfaceareacﬁfSOGn@/g,average
particle diameter of 2.0 mm) was used as the first catalyst
to obtain liguefied carbonyl chloride. 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
out 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 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
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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
cut under the same cenditions 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 ligquefied 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 obtained
carbonyl chloride and polycarbonate resin after long-term

15 operation are shown in Table 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 obtained in the same manner
as in Example 1. The evaluation results of the obtained
carbonyl chloride and polycarbonate regin are shown in Table
1. Since the guality 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 Invention
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 molecule 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.

10 According te the present invention, a polycarbonate
resin which rarely containg a metal corrosive substance and
has & good cclor and excellent molding 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, automobiles,
housings for silicon wafers and electric and electronic

20 equipment, and spectacle lenses.



'Xa xa 9 xa 'xa 8 -)ca'xa "D )(3 36 Effect of the Invention 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 molecule content and has a
good color is obtained. In the process for producing catBonyl chloride of the present invention, the
catalysts rarely deteriorate, thereby making long-te %cwéinuous operation possible. 10According to
the present invention, a polycarbonate resin which farély contains a metal corrosive substance and
has a good color and excellent molding heat stability can be provided. 15 Industrial Applicability

Since the polycarbonate,resi g)ée ti tj xcelfn olding heat stability and metal
corrosion resistgn’ce, it e&;l%sé%%se iﬁggfgﬁcl}a %%%ﬁﬁs?gl%tﬁ;?nn(}i)l ecs,mﬁlgaéicr%é f%crjgﬁjlc%r%vré?ers and
electric and electiomic2@Rguipinent, and spectacle lenses. 37 CLAIMS 1. A process for producing
carbonyl chioride, comprising, the Seps %%&%%9%9@998@%%@9&@'% lAB AL conact with
a first catalyst having a specific surfacé area of 200 to 800 m2/g; and (i) bringing the obtained
product into contactivith BisezbriepdartalysthBdngEdspeifie iface 34 6809163 01500M2/g. 2.
The production pgpcess agearding £;claim 1, wherein the filled volume ratio of the first catalyst to the
second catalyst is 4/6 to 9/1. 15 3. The production process according to claim 1, wherein the first

catalyst and the second CatdlySFaRIdtd ddivafRf-carbsf. PO AITRE pidtr M ieEssy AtBording to

claim 1, whereinythesaverage Pastisle diametars of the fiest catalyst-andthesecondcafalyst gre each

0.5t0 5.0 mm. ,
10 1,500 m%/qg.

2. The production process according to c¢laim 1, wherein
the filled volume ratio of the first catalyst to the second

catalyst is 4/6 to 9/1.

15
3. The production process according to claim 1, wherein
the first catalyst and the second catalyst are both activated
carben.

20 4. 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.

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

second catalyst are each 1.0 to 4.0 mm.

6. The production process according to claim 1, wherein
the above contact is carried ocut at a pressure of 0.05 to

30 0.50 MPa (gauge pressure).

7. The production process according to claim 1, wherein
the obtained carbonyl chloride has a carbon tetrachloride

content of 20 ppm or less, a chlorine molecule content of



5..The production process according to claim 1, wherein 25 the average particle diameters of the first
catalyst and the second catalyst are each 1.0 to 4.0 mm. 6. The production process according to

- claim 1, wherein the above contact is carried out at a pressure of 0.05 to 300.50 MPa (gauge
pressure). 7. The production process according to cla#f 1, wherein the obtained carbonyl chloride has

a carbon tetrachigyid, gontent 01,20 pin erless, A ehiarine molecule content of 38,20 pprm or less
and a bromine rioleculé content of ppm or fess even when the cumulative pro?:lucﬁD o%arbonyl
chloride based dre ¢ smSveiravdatalysh s QO 1061kgf it 6 Job0F tkgmB.ob 8. Thé prddisction

process accordigg ta glaim 1, \A{heé%inath?a@%@?gg %agb?nﬁj g@lqréde}pa ¥l carrl%ori t%tr%chil ride
content of 10 ppm or less, a chlorine molecule tontent of 10 ppm or I684 and a Brarminé molecule
content of 5 pprﬁ%ﬂ!ﬁ) less 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. 9. Carbonyl chloride having a carbon tetrachloride 15
content of 20 ppm or less, a chlorine molecule content of 20 ppm or less and a bromine molecule

content of 10 pp or lesge AVCAYTHEEES RITYSIBEGCIEEOFONERboRatd fésin by 2desting a
dihydric phenol with thecatbny! shloside of daim-91 el 1 AsPalycarbonate: rasin having ascarbon

tetrachloride content of 2 ppm or less, a chlorine atom content of 1 ppm 25 or less and a bromine atom

content of 0.5 pphT'&EREs C 1218 MBMef artiER Dbt&inER by MaR nistdRE Hthe poRrarBEnE resin of

claim 11. 10 ppm or less and a bromine molecule content of 5 ppm or
10 less when the cumulative production of carbonyl chloride
based on 1 m® of a catalyst is 2.0 x 10° kg/w® and 1.6 x 10’

kg/m®.

9. Carbonyl chloride having a carbon tetrachloride
15 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.

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

claim 9.

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

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

1z, A molded article obtained by melt molding the

polycarbonate resin of claim 11.



