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D E S C R I P T I 0 N 

PROCESS FOR MANUFACTURING BRANCHED AROMATIC POLYCARBONATE RESIN 

WITH DESIRED DEGREE OF BRANCHING 

Technical Field 

CODlJ 

rnanLifEictu g A oranched arono: r:;o1-vca __ rl;c>na.~:(' re,-,, i 'ii:L t.h 1J 

cle.c::; :i reel tJrEinch:i_nq. More precise y, the present 

a nro:ess for manufacrlJ!1na a lJ 
l 

polymerized bran :hed arJ~ur :c POi_ycarbonate r0s1 

degree of branc:hing s controJ J_eci ding on tt1e used amount 

of a branct1ir1q agent 

Background Art 

()0CJ2J 

Since pol~carbonate is excel ent in hea resistance, 

t resistance and transparency, i~ has bee widely usea in 

rndr1y field.:; in rc:c.:c:nt. years. \Jaciod::-; st.,__;c.l.if;,c; hcJ\;e l:;c:;en carr..i_c:cl 

ot:t vJith tJroces::_;E.:s, for f)rodnct._i __ c;n ct :poJ ycar}::;on,:::1te. 

CC)X enu_l_ ~- ll 

l-'o. ' 

r1dustr1alized by C) f J.nterfac r:1l ;;cJ L yrne r i. z at j c>n 

c_~nc'J_ me 1 

(' n ")" 

;\( c rcJ ·j nq 

r- () j_ ycc: rbcn,:,1 n cJ f\, (~. ! : 



rnonol"'i y compound such as p-tert-butyl o.1 and 

Si.nee-: it car; t)e r)r()C.iuceci -:,:ncler the condit en of rc:13t vc:ly 

'('( 

c: -,-- VJ! 

l t -~ :;;:. ;T10'.': ., .. c:;1j. Thc:1 t- s, w th reqard to shearinq f owabi : - y f 

:i_ t.:; shear i nq rate nc:lc-:ncv of melt -Jisc::osity is srna , anci ·v1:i.th 

regard to elongatLon flowabi1ity, it exhibits an extremely low 

-c..;.-i_sc.:osit;. Tl er fore, when conducting large qcalc ex~rusj.or1 

rnc) dlnq /·~·r ]:;inv; n1-;rn:1r1<1, .'-)C·:lq:::; ;::nn rt:ns ,-,,- re.s·i )./! 

'j 

The me1.tjnq property of a polycarbonate res1n can b2 

f(' rrr,ul(J. 11 11
, wherein 11 Q11 repres( ri~s 

;;., 

or st:.r~.lCT: e- u 

poly~arborate r~sJ_r1, ''P'' represents a press0re value measureo 

a constant-load orifice-type flow tester at 280°C (load: 

2 10-160 f) ( kq/ ), and 11 N1'-value represents a structuraJ 

~r the above formu a, the res~n exhibits a 

l u ci i">(:?ha."'1 As N-value increases, ~he pressurR 

"UV.JdLJ 'i y VJ( u_Lci _1--.'."'lcrc:asc; o.: o: '-11011 cl tenci Lc·1 

25 exhibit a non-Newtoniar1 fluid behavior. 

The n1c~ t f ov-J f):cc;r-;ert_j __ E:~2:> cf ;)oJ __ ycarf_;una-c.e rc:si r1s US(-?Cl for 

c::x-c.r _;,'-;_;: c;n-rn<"'/l.clc:-i F~cccll1c+- :--- ')'''--'- ~· ;--,,--- - {-;(' 

Ir, CJE-?Leral, th(; rt-'''' t:s (X)·1j_lJ1' J ncr (:3 



non-Newtonian t uid behavior having a hiqh pressure ncy 

of flowabilitv is rather preferable, because sags and runs or 

resin or a dr1wdown at Tne time ex rusion and/o mo ding can 

]'.')(? d\l() Ci(-;j. 

produce ilrb-~rari v a 

polycarbonate rFs havinq S0CG a preferred ffiel -fiOW oroperty 

ate range. 

0005] 

;F;::_CC'fz:re· 

an ext. ren1e y n J rno 1ecu1 c3 r ·\Ive: j and takj_nq a ()YC.trichi_ng az]en 

ir:t.o a rno_l ec:u1t:::: 1101t::r:t.ari.1 y to f r·rn ;:;i, branche·cl st r1.JC ure. 'I'ha t 

1;:.:,, blov1 rn<)}c:i,:;:lJJ 

rc_;r~ar:cla.ncE:? c:r the -: Ke are rCJ'Jecl _i !'1cr:E:~as er mi:~ \T -] _::; C () .':,) '/ 

an v 

GOO 6J 

re' ernent.:::> b·ce a.l__l(;v1c:ci l:::>eca.us<;_::;, ,::::_ccocci:i_r1g tc) ·.he:; 

2 Ci ] __ ntc::rfac_ia_J_ f)Oly:ne:rizai::i.on, there i;::; a corre1at1'JE:? . . . 
re_;__c<L ionsn1,D 

between the amount of a branch nq Aaent eel anc3 a 

branching ~nd he desired ree of branchinq can be a 

arb.i.tr::::1r y controlling the amount of the tranching agen 

iJSeci. 

According to the interfac1a1 polymerization, however 

r_cxic J'i he manufactur nq mEthod. 

Tn acl(jj_t_- ', 

sodium chJor.tae aro chlo 



methylene chloride used in qr~at quantities as a solvent, ana 

difficulties in remova~ of impurities such as sodium chloride 

resid:al me hy:ene c~ .vide which mi 

poJ yrner 

()C)C)"lJ 

a melt-oolymerizat1on method which has been 

tong knc,;11.;r1 as an Lher rnetl':oci for prociL~cing a po1 yc_~arbonate rE::s_i_n 

_1 E: a rnet_noa £'or cing polycarbonate rrom an aromatic 

(J3Pi\) aLa Cll y carronate (DPC) are polymerized 

C)n unc.ier rnc::J_ l nc;, c ond.i t ion::; 

while remcvinq b ct aromatir monoh y compounds away. 

l ()()08] 

S melt-polymer zation method na~ advan~ages such as riot us1ng 

!-iC)VJC:'.JC:r, sine(::: t.}:e a rc'lrnat ic rnonoh rOX';J COTff'C)C)\1 ri 

shot: Ci t)e r·r::_:_:;rq()\led fi1Jri~ q r1e rnan·.lf2Ctl1::'.-inc1 f,")r<:)Ce.:-;;3, 1 t"" lS 

nz::cessdry t.u cc:tr-:ty ot1t a DCC> (;n 

2 Cl of hi temoerature and hi 'Ji.3.CtJUlTl. As a result, oarricular 

kind of equipmen durable to A 1onq ~erm reaction 2 

temperature un(Jer higt. vacuJrr1 and strong st.irr.'i_n(_j cie-vices t::.o d.E:a 

v1it.h a r:)rCJciu having h gh v1~cosity are req ired as 

manufactur ng equipment. 

rding a hiqh-molecuJ.ar-wei }JO l yea rt:ic;na tc:: 

C:r tJriv(? t.i.onaJ ranscsterificat on method, as shown 

]::_:,-, dr chi ,,.'-j .'-----'_,_ 

1S'CC0:C.if E:<:l 
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amount of branched structures is generated during the 

rnanufact.uring p::::·ocess. In adc:Li ti on, the polymer exh.i.bitE:l .·1 large 

non-N?wton an property comp3rEd with a po~ymer produced ny 

in rfi:1c1 a i:-10 vrnE;rj __ zat ur:. 

r:.h branched structure is caused by brar1ching and/c 

-~-:res,::-;- :L j_ n k_i_ng ester bor1ding produced sut>j ec t::.in1.;:r 

})C;lycarl)onate to a react: on sirn.i a.r to the Kolbe-Schrnitt t"eact Lon 

·Jncler tnE:~ action of El1kaJi_, ancJ J __ ::: is kno\/Jfl th.at cont.roll tnq the 

dfr1()Uflt J ;_::;, j·- (j(~ ff1C) n 

branched struc ure can oe ii-creased and de~reased ncl nc; 

1SCA re:::rnE::_Jy 

accordance wi~~ various mo ding method: 

u J__ \j ! 

r:1r-'>IeJ 

c;r c.±.L t.r::in.">!;"' :;rc:~1 L:t'ica 

an cl c1usr riEii 

ot.'Jtaine:d ha.s a defect. c;f _i_ OVJ 

20 fracturE·?. 

(} J 

color tone deterioration nclude an ~pproach 

of time for the reaction Lncreasing the poJymerl_zation rate. 

~) t-1ore pr-ecisely, Lhe n1c>lar: ratio of DPCs/B?As at t.he tin1E::: of feec:l_inq 

fc;r t .. he pcl\1rr1er zat.ion rf.::ac-cj on «::.:;a 

polymerization rate stoichiometrically. 

\;] '."'i .l '.: J rnay a_J so t;e J_ n 

n rancrc~ fr:crn 
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03 to :L.J.0, \r1he relatively high polymeriza ion rate can 

f)e cbt: :::t .:L neci. 

() () } 

7',c_:c_:ordinq :::.c:> Lh rnethoci, t: . .h may be effective i_n 

th(-? rar·ige, since t_hE': po_lyrnE:::r~_zatio!·1 

reaction product oecomes a fluid having an extremely hJ.gh 

viscosJ y and the polymerization rate becomes extremely low i_n 

the h qf'i-mo c;c uJar-v1e.J t range, deterior. .. ation of rE-;s_i_n such as 

crc)_<:c' 1 nK_J __ nq ancl/ r· J::)l' anch nq and cieteriorc·Jt ic)n in color t':· 

l_i_kc; ·v-:;ou d L)e-: c1}Jser~1ed rc::_~rna1 .. kat) y. 'TherefcJre, it 'v-Jas c::xt.ci:::?:rnc~J y 

diff cult to obtain a hiqh-molecular-wei t po ycartJonat.E? 

',;-Jherc·:: n t~_he d.E?si:cecl arncurjT". of' branched st1 uct:.t.Jres :i_.~-3 ;3ci ust 

arl:)i_t.rari_l_v v cJn·cr l.l ing t:1"1E~: ar ra--c.:io of rav; matc~r ,'3-.l.s feet 

for oo ymerjzaLLon. That in the case of prodlJ ing a 

y( a.rt)onat:.e rEc:s n l1'~):i_nq d !Tie j t. f)()_~yrnerJ_zc.1t icn rn(;thod, 

E~X L y '-..-l _:_ l cul ~_,J 1 '.)';-J !T!O 1 CJf;lf)-1 t Yr 

0 ow shear rate region and by controllinq the added amount of a 

in the same manner as 1n interf j_ (,J, 

t:1 01yrner:i_z{.::_ i.on. 

J\s a r:lc7thc;c:i for s x_-uc,t.ural irnp.ro--c..1ernent of fJO ycarbc:;nat:_c;:, 

25 t.here is an approach to dec.r(;ase }:)ranched struct1Jrc.:s v-;hi.ch c_)c~c1J.r 

2 rar1s1~:;sr.E;r icacion method for producing 

e, Paten Documents and 



2 r· .J 

~~ e as oossible. Patent Docimen~ 5 oroposes a method for 

]::.)r()Ciuc J_ng pol year bona t12 hav inq 3() () pprn or J_ess of i3- f(C) :l. be-Sct:irni. t. t 

. / l 

propOS0? rnethodE:; t. i rnr~rove c:c>1c 

tone: f)v prc:,venLing ger1c;r,::;it 1c>n of f.)ranchin~J E;t_r1Jct rc:s cau:_::,ecl 

a sj_de reaction which is ExLreme y difficult in con rollinq 

usJ_nq a specific cat.c1lyst., c·:lncJ to in-croduce a specj_fj_c 1Jrar1ching 

~true ere positively usJ_nq ~ multi-fun J.ona J c<_:-.;rnr our1c::l. 

They disc ose polycarbonat·n oroduced a trar1·3es er1f i_cation 

method wherein hollow-mo dabj Ly is l.rnpro··:;c:cJ i_ncrea.sirlC! a 

non-Newtonian property 

001 

However, thes methods wou d not be common because 

f compound as a ~3talyst or a 

(_:01nf)J,,c,c10n or n o !. f '--· cataly::.; s. 

nq f_)C:) ! ye: a rL;cr; a: C;':' t 'i u "iC"C:i, a rrnf 

ca1:0 ysts on a numan 0nd the env ronment are ~orcernea. 

u 6] 

Patent Documen~ 6 dj_scloses an attempt to improve mold 

'lc:>v1c.c1.:t:>: i.t-1 t;si.nq :)- (cl:i_rnc:'t.hv1-r."J-'.--'1 n7y1) sa-l icyl i: ac ;_cl 

. . . 0s 2 cra~c~ing ager._. However, using this ~ul functi C)nal 

lem ~ ich would easilv 

Qel a cross-.li..nkinq act:_i_on. Patent Dc>c_,-;_rnc:nt.'3 FJ nci 8 f->I'()lJOSE: 

1.,1 ust the rirnoun-;::_ of a Kc;1-l::>e-Schrnitt type branchinc1 struc::t.ure 

aerived from hea~ deterioration within a certain range 

emolovtna a parr1cu ar kjnd of e~uipment, spec 

01'13. Hcwever, accordir1 

rnc: ,c,ci, __:;__ t ' (' u r. 1 t. t. () 



Moreover, since the branched 

structure is a different kind strtcture generated naturally 

hc:a-c. ci€~t:.t~·,___, rElLj_un react.Lor1 i1 

kind of ~qu omen uncle r 1_c conciit.i.c:n.::; ' ;') j Cf)C>:ra::: ion., i.n 

rcler -::.: cnr,,rcJJ he amount wl branching stru:ture as desired. 

Patenr Document 9 disc·l.oses a method of using acia 

anh Hov.1e·ver, ac_id qenc:raticn in r-.r1c 

IL1L1r1ufacturir;q orocE::ss and t.flC:' Lnfluences cf i.nt.rc>c:i1Jct.icn of estc::r 

DocL1rnen 

16 or higher of a structuraJ viscosity index. 

Eov1ever, 1-hi;_:; relat:i_c)nshlr.; l.Jet.v1e:?en the arnount c>f a L>ranctiincr ac_j(:nt 

and a degree C)f branching cannot be found. 

017J 

l-\.cco:cdj_n(J y, it :i.s clesi_reci to cie·velcr\ a_n ·irnF).CO'JC::·:cJ ~)rC)C(?s:~: 

fcJr no ooJycarbon~te easily th c'l. c ornrnon 

- ran.sest1·"' .. ci 1. n r)o 

r't-3.VJ._nq exce lent. CC)_lor tonf:: and ys ca.J.. p:rc)rJert:i_E:?S 'dhf2re1n fl···,,.1 

behavior, n.)n-New~on a propert1es and moldinq flowability are 

20 welJ contrclled as well as 1 ~ polycarbonate obtained 

interfaciaJ polymerization, r to deve op 3n improved proces~ 

for 11roc.luc:i.n~; j:)Olycarbonate through a transester_i_ficdtion fflethocl 

w~ich enab es t easily obtajn polycarbonate having a desirEd 

ree of t)_cr:1nch_i __ ng by cont __ I.{)] inq t.he ree of branching 

001B] 

!~s an l.rn~"JLO'VE::rr1ent c>f -::::i ~>r·ocess, Patent [Jocumenc l 

11.._, 
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po ymer zat on reactor. Patent Documents 12 ana 12 discJnse a 

method using a biaxial ent- ype extruder. 

~e~hoas are intended -, ~: 
',) J i 

~olyc~rbonate may be ob a ned 

rno d. ~ cq •''' ' :::·. lC>~,Jar) y canrot be obtained. 

Accorci_incr conven~1ona1 method for producing 

; nc>·uq 

high-rnolecular-wei a:coITLat:.ic~ ycarbcnate, as mentioned 

above, varJous orohlems are romair1ed to oe s lved in order 

LO s::_,:1rJ y c:on·1- rcJl t>rc.1ncl"1.inq st~ruct:urF3'S c::1s desj ct c~ 

20 

c () 9] 

1 n'-1en <~.ors p:COf.lOSE-;cl C:l ['!_()''](~ _J rne :-_ h C)Ci f c) r_-

aromatjc oo ycarbonate resin 

re~ a.rc.:>rrta 

pc> ycE1rtJonatE:.-:: :ces·1n satisfac~tc)ri y v;h_il.e inq c;u Ei .1 y 

(l'iltE;nt Document 1111 Accordinq ro the method, an aromati 

r>r-:ia.L.J C' cij o1 COl'TlF)C)Un/.1 

as a 1nkinq agent are subiected tc ~ transesterifica 

reacti nor a cocolymerization reaction under reduced oressure 

n the presence of a ransest rification cataJ.yst to be in keel 

with each other an·i ~ be hi 1 y r><) yrneri z~::c3. 

suffj_c_:l_en ly 1--'1.i y po yrnerized po ycarbonate resin having 

'I''he rJract _Lea. 1 react i. 0.:-1 scherne ,.-..­
·~) _;__ 

v····tJO 1 vrne:r z nq r:·r;:;ac:::_ on t)v ::.he al J 

ext?rn-c:l -ic:c:i as fu11<:,:;v.;s: 

~ 00 01 

:Linking anci 



JU 

l -2 R·Oll 

iJ02~L] 

ly polymerized aromat 

f 30, oco 00,000 can be produced in a short J rnE~ chain 

E~xtens ion Linking the ncl of an arornat:.i.( ... f)Olycarl")C)nat 

v1j_t.h an a1_i at:._Lc :Jiol compo1Jnci. j\ccorclincJ to the;:: rnc:t.f1c)cl, sincE? 

f:JOJycarlJona.tE? i .. '.3 r>roc:Juced a h j ·ca1~C-:'.' polymer] za ion reaction, 

branching and/or cross-linking reac ions caused by a prolo 

Lor cnanqe r·Ar' be avoided . 

.'.:--'c: ,,. .. _,. D'JCurnent.s c_ ;::inci r) c::ii scJc)se 2 r:tethc)ci f'(;r ~)rodL1c nq 

FJC.>l ycar-L;c;na L addina divaJen diols dt atter s~age of ~he 

transesterification reaction. 1.-1ov1f.::'1er, cio not:. t_each 

v;het.her th ree of branching can be ad1·1sted 

the additivR amount of branching a s. 

polycarbonate thus obtained s n successfuJ J y sati sfj_ecl 1n 

qlJa Jty. 

r u o 2 

Th1.1s, l. r is t:;xpect.ed ~·-o d_c:veJ op 2 rr1et.!'1od .for easi1y 

y r:.;c_;l ,;rneri z_i_nq 

.s 1_ '1! C'f'tV fl_}_ '/ ;Jo.l yrneri_zed 



polycarbonate resin while keeping excellent properties thaL a 

polycarbonate originally has. 
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Disclosure of the Invention 

2 

Problems to be Solved by the Invention 

The problem to be solved the present. in\TC~':ntion J .) to 

provj_de a process for manufac1·ur ng, easily and using a 

con 1Jent_i nz;1l t)ranch.ing 2Cj(~;nt:::, a branched arornatic po1ycc:irbc)r;atr; 

hi molecular welc1h~ ~no~ 

:r(-:e cJf l)r,::1nc:hi1:q. 

Means for Solving the Problems 

r_ OC2 CJ 

As a resuJt of thP intensive studLes t0 solve he above 

a r1 d. r (Jfni_-~ r>r(~r;c yrne~-- --c.hat ' . . c:z .c;ranc:.r~r_:_:ct 

ro linkin·· ceact1cn with an a} ccJ1T:rJcL;,nci_ · Y: he 

r~nsesterificacion catalyst, there is a certa n 

1eve1 of rrelat on between the amount of the branch ng agert 

f branchinq of thP ~~ 

branched aromatic polycarbonate Lhus obtained, a1·d th11s 

fc:>:r: rn;:3nufa,:T cir nq c:J t_1x~ancheci i3.rorn2_t_:,,., ;-:iol.ycart)cJnEir.0:' res1n as 

fc}luv-.1.:3: 

0022] 

LJ A process r r mar1ufacturing a branched aromatic 



polycarbonate resin having a desired degree of branching which 

comprises a process 'where.in an a.r"omat ic: :r=)olyca:cbonate prepc)1yrr:er 

havinq a branched struct11re introduced ·:_1s J. ncj a t:)redet:.ern1_ined 

amcun of a branching agent ·i nkinc~ and_ 

hi ly-oolymer z nq reacLicn under reduced oressure w ~n an 

aJ atj_c dial compound having a1i tic h rocarbon qroups 

bonding to terminal OH groups. 

[ 0 0 2 9] 

lO po.ycarbonate resi 0 accorcii~q to ( ), wherein ~ne 

branching of said branched aromatic polycarbonat:.e res is 

cont.rolled v;ith_in a desired range ustinc_1 the :.::1rnount of saici 

branching agent used (A; mol~) on the basis of a correlation 

1:-Jet:.i:JE:en thE.:; an1ou11t of saicJ lJranchi_ng· agent used (I\) and :::;aici c:lec:;ree 

15 of branching which is a structural viscosity index, ''N-value'', 

~he followinq mathemati .. n f orrn'J :_ c:1 (I) : 

Mathemat~ca Formula 11 

N-~1alue (log (Ql60)-log (QlCi)) I (.:.Logl60-- og_L ... ( l) 

20 wherein ''Q160 11 represents a melting fluid volume per unil time 

(ml/sec) measured ~nder the conditions of 28 C a~d 16 1C)2C.i 

and " 0 11 reprE.:sents a rneltj __ n,;J fluid "\J'Olurne per un t t-.irne (rnl/sec) 

measured under the conditions of 280 anc:l J C loac:i. 

CCl31J 

2.5 ( 3) The process for manufacturing a branched aromatic 

polycarbonate resin accordinq to (2), wherein said correlaLion 

:Ecrmu_a (:Ll): 



Mathema~ical Formula 11 

N-'1a.1 ue KA + (I I) 

>tJbere:.i..n .K rerJreSl?rltS c: CC>nst.ant nurncer f:con1 (.). J r·r-. 

rs1ant n~mber frnm If • 

~) c 0 3 

(4) The process for manufacturing a branched aromatic 

ycarbonate resin according to any one of (1) to (3), wherein 

said amount of the branchinq agenL used (A) is 0.01 to 1 mo 

consLiLuLing units of said aromatic polycarbonate prepolymer. 

(5) The orccess for manufacturing a branched aromatic 

ycarbonate resin according to any one of (1) to (4), wherein 

saicl dr=:q:r·ee of branching ("Fl-'JfJ~Lt1e") is 1.1 to 2. 

r 0033, 

( 6) The orocess for manufactur1nq a branched aromaLic 

polycarbonate res~~ according rn ar1v one of (1) 

~, 0 dioJ compo·1nd 1s reorese~ted 

[ D 3 4J 

20 

I 00351 

wherein 1'Q 11 represents a h arbon group having a~ leas~ 

carbon atoms which may contain atoms of a different kind; R 

E':'ach i_n L~Y represent c group selected from the group 

2 .~) ccn.si.stinq a.r_c)m, aL._l__C h qr. .. Ctlf) 

r_ccn qroUf:) ho'Iinq 

-1 caroo~ atoms, w1tn the proviso ha ar _eas~ o~e of R anc 



and at east one of R~ and are each jndependently selected 

from the group consisting of a n n atom and said ali at 

rbnr 0r~up; ''n'' and '' '' p·1ch _ _,J 

ju! nci ·_;:_; 

a.J 

arbon groups bonding to terminal OH groups. 

0036] 

The process for manufacturing a branched aromatic 

r c .·, _;, : ccordinq to any one of (1) 

(8) The process f r manutacturirg a branched aroma ic 

poJ_ycarbonate ~es in according co any one of (1) to (7), wherej_n 

tl:c~ ~::oncc~~nt.r"-i_}t_- t)r; c)t tc.?rrninal h oxy groups of said aroma 

oolycarbonate DY~polymer 1s l,500 ppm o 

( ) ) i·ne prr~ess for manutacr1r1ng 

the wei t average molecular wei t (Mv:;) of Sd_ici f)ranchc?cl 

20 i")romatic :po1ycarl:)onatc:; rE?sin .i.:':> hi_gher .5, 000 or.· rnore than th(:_~ 

VJe l ~veraqe me ecular wei 

polycarbonate prepolymer. 

10) The process or manufa=turing a branched aroma ic 

~;c>."VCE1rl)()r'i2:'1:: .. c r:-c:;:;::_'Lri ,';J_ ~·c.:o:::-·d.i .. na t:c an'.; ~Jr:e cf (J) ~c (9), 1/Jherc .. i., 

sai.cl aJj ati.c c1io1 CC:)mr-1()Und _is i_isecl _i_n an an1ount C)f 0.01 t.c) J .0 

mole per mole of the tota amount of the termina groups of said 

;_1 r oma t poJ.ycarbonate prepolymer 



po '/Cart)onate :ceE5J_n accc)rd .. i q to any one of (1) ·co (10), vJherc:in 

sa_-,d .i.nkinc5 ancl hj y-po ymerizing reaction is carried out a 

4 ' - -naer reauceQ pressure. 

i;ol_ycc.1r}:)or;aL(~'. rE:::s_i n a.ccoraJ_ncJ r_o any one of ( ) L.o (l 1), v1f10:r:-(:;j_ r; 

said linking and hi ly-polymer zing reaction is carried under 

reduced pressure of 13 kPa (100 torr) to 0.01 kPa (0.01 torr). 

I CIC39J 

(13) t·ne orocess ')r man facturing a branched arcmati~ 

average molecular wei t- (l'1·vJ) of sa_ici ar CJ:rtc:-J \-:_ c 

f)O 1 yce:-1 rlJona_ prepolymer LS ~,000 to 60,000. 

(14) A branched aromatic polycarbonate resin which is 

rna ri u f i::1c t. u rE:ci 

The branch?d aromatic polycarbonat resin accordina LtJ 

t·r , UDO. 

[Effect of the Invention] 

20 I 00401 

The oresenL inven ion enables to ooLain a 

,______ ~ 

Jl_-'-. -molecular-wei t branched aromatic polycarbona e resin 

. . . 
-3. Ci c: :_:;; :i_ :c c: Ci ree of branchirg under mild condit 

prepolymer having a branched structure introduced 

precieterrn.i.nf::ci arnc1Jnt (;fa_ r.>:r::·anch ng agent i:3 sul,;:jecteci t j n k :;q 

and h 

t)OC1cii nc; er~ina Ofl groups. 



j_s based on the f 1na that there is a certain level of 

correlation bet~een the amount of the bran=hing aqent used and 

v- ranch in 1 

aro a ic poJ~carbonate l1us obtained, wher ~::.:ne C:lrnounL r)f 

branchj_ng s~ructu~es of aromat c po ycarborate can be adjusted 

me - polymerizatio~ 

[_ UCJ4l] 

In addj_tion, according to the present invention, sj.nce 

he 1me fc r p~oducinq polycaroc·nate canoe shortened and the 

l.ci concl_i_ t:: J r-r ;_:;, o:r_- the ·cecJ.Ct.ic:--1 

can L;e carri(-;c:l o _,. __ E:~t c:>\·J·~, tt:-?rrtDeratt.lr("'. v:;_1-c.n h~ 

t.he condi_t.j_ons C)f hi err; Dr:: rat 1J r c: :-3_ n ci l1 i .:3]·; ~:a1 c::an l:;f~ a.vc>1c1e :l 

cc)rn·pa reel t.o he:: con"1eni ion al methocl.'.3. l\.'3 r} result., since 

CC)] anci/ or qe:1d.t on 

i:::: (' r>c1yc __ a::·L;on.;r_c' rc:s1n ex-:e·l1E-"::nt 1.n CC) 

·c.n~a1n t1ncxpected h ar1ched 

~truc~ures ~an be obtaj.ned. 

Brief Description of the Drawings 

:::.o 0042_] 

F'_i_q. ~ l 

sl'O',;-.JS a q sbO',;-Jinq t_ ht:: celat.ion,sh_i_p- b0:t.vJeen the 

. - !l 
" ' 

Fiq. 

nq 

polycarbonates obtained 



8 

'.). 

I fj .. g. ~'' 

arnoun-c. of the::: .br,:::tn:~''C1inq ,~Jqc::;nt: u:::;ed ancl N "JaJ ;1c: f the 

po1ycarbonates obtained rat.ive .Exc1rnr)J_t~ 

Fiq. 41 

polvcarbonatcs onta nea Jc_::.:3 ll-13 anci 

e 

Modes for Carrying Out the Invention 

!: 00431 

s;c;lyc:ar .. l;(·nat_(; ~-!t'C?f)C) yrner Yiav nc; a L;r(·:cr;,:l1eci ~> 0 1ct:urc:: int.rc_Jcl1_;cer1 

usinq a predetermined amount of a branching agent and an 

)(j i::l ir:-1h.at.ic dic11 int.he pres(::nce of a transesterificatio:--1 

catalys t:ndex ed.uceci press1J.rE.'~ 

i 0044] 

(1) Aromatjc Polycarbonate Prepolymer 

The aromatic polycarborate prepolymer according to the 

present invE~:nt.ion iE3 a po nsL1t_ on pc11yrnc:;r v;hic:h is form;::.?cl, 

as a main repeat ng uniL, of 0 cons ituent lJni represE~nt.eci cv 

,.,) ; Elr:chc;d 

chain in·c.rc:>ciuceci L)V usinq a. tJrar1-:~"" 1 n __, agen·r aescribed below. 



( 1 ) 

In the genera} f'orrnula ( 1), F .. '.1nd ~?ach n 

en ;::_t.c>rn, a haloc_:r(::;n atorn, an c:J_l 

l-2C c:arbon a~oms, an aJ cart::on a Lc)n~s, d 

C'/C-1_(),J l group having 6-20 ~arbon atoms, an ~r 

6-2C ca."CLon at.c_;rns, ::J cvcl.oalkoxyJ qrou:p ha'-J}nc~ 6-'./ carlJcn i3tcrn~) 

or an ary oxy qroup t1aving 6- 0 c:arbon a~oms. 

''}('' rE f).CC~~3c.::nts a q.cour> E3E: ec:T-.:.cci frorn t.he· q_rour> cc>:"lS st J nc.J ()J= tf1rc; 

r·q2nic 

fc>rrr1u.l.as 1
): 

DO 4 7] 

R3 
I 
c--, ---s-, -0-, so co ( 1 ' ) 

I 
R4 

r 004s1 

c::ach 

re1J_cesc:n t ;3 E:n ;_;:1"orn, an C:i qrocJp ha"'..JirlCJ 0 carbon ,:::i:-~_c>rns 



2J 

or an ar gro~p having 6-lO carbon atoms can be 

linked w~th each other to rorm an al 

[ 0049] 

can ne synthesized interfacial polymerization melc 

yrner.ization. It can also be synthesized se 

polymerization or Lhin-film polymerization. It can also be a 

recycled polycarbonate reco~v~erecJ fi~·orr1 L.1sed cts such as :...:seci 

disk molded crociuc s or recvcLea oroducLs 

These polycarbonates can be mixed wi~~ each ther to use 

as -;::.he alJc:i·ve-rnentionecl ar()rnatic f)clvcarl)onai· 1-:::: i:-1r(;~)o1yrnt:~: For 

example, a polycarbonate resin obta ned by in-;::erfacia] 

r:>o1y;neri zation can be n11 xed i.01ic.h a f)olycarl)ona:-.e resin ol)tai.necl 

meld polymerization. Or, a polycarbonate resj oL)t:.a. nE.;ci 

rnelt t=-'(_;j __ ymer-1_zat . .J_on er inr:.e:c£acia1 p·ol:1rneriz,:-;_t on CE1r1 l)c; rnixc:·l 

WlLn a recycled polycarbonate. 

[ 0050] 

20 can also be represented as a nsation polymer wherein 

the main repeating unit s -,J re;~1ctj_on cc u_:_ 011 a.rornat.-"-C 

ciih y witn a carbonate bond-forminq compouna. 

That is, the aromatic polycarbonate prepolymer of the 

a known transe:stEc:rificc1t.ion 

method wherein an aromatic dih "'r'',vy compo1Jnci cieri'-Jing t.hE·: 

corresi::--1onding struct. urE.': is react.ed v.;j_ t.h ciiester carbon a_ e in_ the 

r:>r:e.':oence f 0. 1:.Jasic c:-ata_1y.:_:t, (j! a knovln in1~r:0rfa_cJ.a] 

. . ' ' ''/ cc::np("Junci c.erJ_~1.1r~q 

t.he corre sqe.ne c;_r th_e 1 _i_ ke 



n t:.he presei·ce of an ac :i_ c1 
. ' . ' 
Cl ndlOCJ agent.. 

u CJ '.J ] 

r. 
'--'-'--' 

ci h 

the follcwinq general formula I • 
I . 

( 2 ) 

1 n the c;enera1 tor·rnuJa ( ) , P.. i'incl. each 1 i' ndent1y 

r1 ai::.c:;rn, a halo9i;:n ar,,0F1, c1n c.1 kyi qrour> ha'Ji_n_cJ 

I - carbon atoms, an alkoxy group having 1-LO carbon atoms, a 

toms, n ary qroup nav:n 

0)- C) cE1rL~-ori atorns, a c:yc·_- C)alkcxy :~irourJ Y1avinr; <J 2 c.:irl:_;or1 c.1 t~orns 

or ~n aryloxy group having 6-2 carbon atoms. 

"p" and "q" each -1_ t.ly represent an J n-c.ecre:r o:f 0-!J. 

a1 a~E~~ organ·c qroups represented the to ow nq genera 

F rrn\,,11-as (2 1
): 

[ OD 3] 

R3 
I 
c , -s-! O-·-, -so-, co-, ( 2' 
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in the general formula (2'), nt.Jy 

ca rl:)on a:-_: orns H. a ncl 

Linked with each other to form an aliphatic r1nq. 

es of the above-mentioned aromatic dj_h y 

corncounds include bis (4-l'J 

- l:.:; :i_ s ( 4 - ~-. 

n ) pccr._:>L:J.r:E":, 

n })(>ctar;er 

l'J j_ '.-3 ( 4 h 

1-, ~---··f_:i.i_s (·~--

nyl)di nylme hane, 

yJ)propane, 

2,2-Li.s(4-h ) ~oropane, 

-b.i.s (3-cycl ·-4--h ) pror)an.e, 

;.~, -·l::;_i_s (4 h yJ..) p::.-opane, 

2, -bis(3,~-dibromo-4-h yI)propane, 

ei,y1) cyc]_opent~ane, 

ny·J_} "--JC1ohexar1e, 

') c 
,-'.. ' oxy-3-rne:thox ) f>ropane, 

nylr.:-:th(;r, 

4,4'-dih roxy-3,3'-dimethvl 

nvJsuJ f_j_clz:.::, 

/j,,c]'-dih oxy-3,3'-dimetti di y.1su.l fj_de, 



23 

4,4 1 -di ox nyJ..s1Jlfoxic:le, 

oxy-3,3'-dimethyldi 

!J,4'-d.ih rC)X 

!'.]' l) '-d .. ih y--3, ~' ~·climet:.h /1c1.i ny l s~_.,_ .. L for1\'.~. 

oxyphenyl)propane is 

Dreferat>2.e i:"JeC2LISE: of the st.e,:_1bi-i i_r:,; as a monornc:::r a ci a'1a.ilab_il_i y 

£ a commercial product having a ow imou:rity con~en~. 

The iromatic polycarbonate prepolymer of the present 

invention can also be used (~'.Of11D:Lfl]_LCJ \r>i'O r rnore c;f t.f1(.:c; 

at.JO'Je-rnent.ion(;d va1ious monorrier.'3 (aro:t .. 1at:i ciif1 roxy 

if lJ(~Ce·:-;sary, fo:c the purpose <.)f con1- roJ 1inq i.caJ f.)r·operti.c:s 

s1Jch as controlling a glass ansitlon tempera1:ure, rcJ'.Jj __ nc3 

luidity, improv n the rEfra~tive jndex and reduc nq the 

( :.? ) B:cancn nq 

i·ne aromatic polycarbonate p ymer has a desired 

amount of branched structure in its molecu ar chain introduced 

C')f an aron1at.ic clih coff1pound v1i th a carb()nat_e bond-forrn.ir:g 

CO!Tlf)OUrl(J. 

the branct;inq agents nclucl(~ a 

25 multifunctior1aJ compound having at least 3 functional groups 

a molecul0 preferably 3-6 functiona groups in a molecule. 
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00591 

Exarnples funct~onal groups include 

]_ f l_ f -_. r J clc.~t~hane (hereinaft:e 11 'T?l\ 11
) 

'J c1.,a,cx 1 tris (4- en benzenE::, 

-cx,cx',cx''- tris(4-hydroxyphenyl)-1,4-dieth 

cx,cx',a''- tris(4-h yl)-1,3,5-triisopropylbenzene, 

lo uc1n 4,6-dimetn -:~, 4, 6-t.ris (4-h yl) - -,.---, L"' 
(_<) _ .. , 

yl) t)enzene, 

j_ u 2,2-bis[ 4,,~-(4, 1±'-d .. jh nyl)-cyclchexyl] propane, 

trirnelli.t1c acici, J, 3, 5-benzenetricarb-oxylic ac ci, fJyrorn~:;l1itic 

ac .d, ·- ·r irnet.hylc::: o:pane (h_ere_inafte~r, n-~'MP 11 ), ]_, 2, 5-per tatricl., 

3,4-diI-l zylalcor-~ol, l, 2, 6-hexEitri_ol, anci 

~,3,5-adamantanet ol. 

1 es of ::--iaving '~ o.r n1ore funct_:Lonal grc)ups 

~n~ ude purouroqall 

L, 3, 4, 4 '-t.etrah y meLha1e, qaL1eir1, ana 

0060] 

20 F,rnong Lhern, a branchinq agent. selected :trorr: tl-'1e groups 

consisting cf 1,1, l-tris(4-h yl)ethane represented 

~he following chemical formula (1), 

a,a,a'- ris(4-hydroxyphenyl)-1-e 4-isopropylbenzene 

cepresentecl the followinq chemica f o rnn_i _l_ a ( 2) anci 

t. r j_ methyl olr:)ropane rep re sen t,ed the fo11ovJing chemica-1 fc)rmu.la 

(3) is oreferable because of s~abiliLy as a monomer and 

cc:r:te 01-

l ' 
-t.ris (4-h 



,.,., f', , .• , -, 

UUb_l_J 

( 1 ) ( 2) ( :i ) 

The aniC)Unt of tJ-';e [)ranc.~h-j_ng ag·ent t.C) f)(; usc:~ci or the amcJun 

of the l:)rar1cf1c:ci ,':;trt1cture t.o lJe .i.r1trod.uced can l:;e "laric~cl r1cl .i. nq 

r or rov(;rnc:n , __ of p.-coperc_i .b OV-J 

rnolc:ic:-il:)i lit y, cir 

- ' .. fJ:C'.':)f.)er s c:ies_-::._rc-1rJle • ; J C:l L 

-r _.,., ,. _r.,-_, ·1_ m ... •.•-- , .•_;-_J_-,_1_·•.'.'L .···_,•p_··.·.·_;_--(-0.• .•. ·_• .• r•_.·1· __ \1 r.··J'. l-C.J.c_·; mc_ .. 1·1 ager1- s pre~PrciL y ~- _ , , . -· . 

rno1e nurnl)er) of: thz:: ca.rbonatE-? E3truct~:Jral unit rE-?f)rc:sentecl the-~ 

above-ment oned general formula (1) in the aromatj_c 

po1ycarbonate prepolymer. r i 1_ J .. s clesirab1f::- t:..hat t·:.ne arncJun1 

of the L;rar1ch_i __ nq r:::~gent is prc:fE".:?raL.)J..y 0. OJ_-1 rno-1 , rnore f)referatJly 

. J -0. 9 mo J rnos r>referafJ1y 0. :!.-· . e rr1ol L;asc;cl u~'.lC'.in the t.c)t.a1 

I-oxy compounc.t.::J 

c rJe US( cl ,J.nd a 1 the branching agents to be used. 

. , ver~tion c:an -_-,,, ~)rocit.Jcec-1 ~arryinq ou~ rne reactj_on between 



an a rorna ti. c di y and a carbonate bond-forming 

cc:.>n-1-t=>CJncl t.cc0et.l1er v;ith a. t)ra1-c:h.i.ng agent. 

polymer_ a~ion, examp es of 

carbonate bond-forming compoJnds include carbonyJ hal des such 

as sgene and haloformates. 

n the case of' usi.nq c:>::::~JE-::n.;:_:: as a carbonate t>c:;:--1d.-.[c>rm1nq 

i (\ 
'\,J 

ne acia b nding agents Lnclude a_kali metal h 

:_::.()C:l:i ·1rn ti ide and rotassium n roxide and amines such ~ 

Examp'es of -he so v~nts incll1de ha oqenated 

ccJ.rt.Jcn sucl'1 mEttylcne ~~loride ana chlcrobenzene In 

L~r:iary am~ _c~ or auat rnary 

to hour::; 

o I 0066] 

Lf1 t:.~ne casE: of rnt.::;-1.t J:.)C1yrr:t:.~r_izat_i:.:n, c:iiE.~st.\::::r ca.rlJC)nat.e ~-s 

carbona~e ncl0de aromatir diester carbona~es such as di y 

1:arbona e, Ji c~yl 'Arbcna10, "' ( -chl 

'J m-cresyl carbonate, din J·yi carbona~e and 

yl eny.l) ::-_'.EtrJ:)Or ate~ Other diester carbonates such 

; 1: ~-s f,.:>c;;.:feral:;le ~~c> tJsc; c:lj en carbonate from a viewpoint or 



1 ('; 
J_ u 

L; 

reacti-1:i.t.y, st.at) i-cy against. co1or_ing oft.he .r:·t::sin thus obtained_ 

('::i.nci cost. 

an c:1:no:Jn c:f 

0 mo P more preferably n 98 j • ," rnc: C' ric:r rno C' 

of -cne total ~nount of aromat1c d h y cc>rnJ=)C uncls. 

0 c 6 71 

T~e melt polymerizati0n us_ng diester carnorate as o 

carbonate bond-forming cE1rr ed. s:_~ 1rrJnq t nc: 

comoo11ni with aiester c~rb< n2 e a 

predetermined ra 

1sav;ay. 

J=JO.i..nt of c.1:l_co]·1ols or C).l.s ri"J ,;;. 1~>rod_uced, J.l J :·;:; UE:>ual_ly in t_h(; 

range from 120UC to 350 '' \.._, .. The reaction is carried out under 

reduced pressure from -cne 

cc::n-c1L1.1c ;;.::;] "y' ,_j 
,, __ 

2::. l_ en Ls. 

:"ransest::.c.~r-' i ca1-__ :_on caLa-'_ysr.:s :':;;ucr··, -,c:, basic cornr)our: i ·:::a_tal~Ist 

which are commonly used c h0 used in order 

reacrion. 

2 I 0068J 

Fur h rrnore, when produ nq the aromatic polycarbonate 

prepolymer of tne present 

d_i__carbox 1c ac d compound in combination wiLh the 

al:)O'JE~-rnc~nt j 011ecl arornaL_ic: 1j_ih 

2~ po yestercarbonate. 

0069! 

+ .. h -
J ; (~ ,-., ,,, 1 S )t::;r·,-,--- ;n , , 

a.nci , 4- ::ye cnexane ' 0 ' ',_,_,_ca·ccc)xv LJc-: 

,·,-yr·.r'' 
"'i'-'' ; \.._ -·- ,__,j_,~-: 

:- !-' ;-; , ___ ' "--' ,"'LJ 

ac,i_ci. C''. r:-refer,:3:()1c::. 
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in the form cf acid chloride or ester. 

ac·i_d 

-ornr)cunc:l can (Je :,;.';;e:cl j_n i:Jr' arnount c;f 

of t:nc~ to::.21 2rnc>unt of -:_:r--;e ciii; 

components and dica Le acid comoonents. 

[ ()()70] 

It is preferable east. a f)art f the 

lS 

The cont:E~nt. of t.Y-1e E-.-~nci-c t.er·m na1. qroups con.:-; 1 ~-::>ting 

f';F arc_)rr1at::i rnonc:)n y < orr»f)Ot1nci l)<:·:::s+~:d. UDC)n :-_he; L.ota_J arnc Jnt:. of 

the terminals of he aoov?-ment oned aroma ic polycarbonate 

prepo1ymer is preferab y 6 mo1 r rnc:).~:e, 'v·JtlC': 

of he presenr -~v2nt~Jn 

li i.s a1so F)<\s::3J_bl_(; t:.c) C)()t·ain 

analyzing ne concentrac1on of terminal h oxy 

z:;rcn11Js by Sf)E:;ct rometric rneasurement.. using Tj_ CC>lT\})1ex or H-NMR 

anciJ.ys1s. oxy ;:;:::::-C)Ur)::; C)f t:.ilE:: 

aroma~ic polycarbonate prepolymer of the orEsent inven ion 

obt.iJ.j_nc:(__i thJs rneasuremEnt is preferabJy l,SO ppm r (;SS, 

2'.J 00 

Since the linkinq ~nd ~, ly pc ymerizing rEac:1ion 

bet wee~ th aromat~_c pol_y~arbona prepo]ymer lnd ne al 

;rnJ-;c;-:, reel c:f _in\fC' Y",i 

r't J.Crl, : on of ~::rrnj __ nc1l h 
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than the above range or the content of the end- terrninaJ 

qroups lower cha~ the above ranqe mi t cause diffic~lty n 

a. r v1e n ;· 

Ly ~;c; L yrr!C:? r I ac:c1:i t J u1;, 

corre1a~Jon betdeen the amoun~ t~hE~ branc:h.i_nq 

agent used and the of branching of the branched 

hi -molecular-wei t aromatic polycarbonate resin thus 

~ot be estab~ished. 

1 ;::oc~ cf t .. hf~ c:ncl-

terrn.i_r1a L <J'CC>11p, ,;1 r:)-to.J.yl terrr1j __ r tJ:I_ qroup, -·J f)"-r .. "-}:)uty.J '''nyJ 

termj_nal group, a bj enyl terminal group, an 

o-methoxycarbont terminaJ gro.1n ana a p- n y :L 

t:erm:i.na. J 

thern, a t.~ rrninaJ CJI an. arcrn,;.J.t c 

rnunol'; roxy comoouna having a low boiJing po nr wnich ~an be 

easily removed from the reaction system of the ]_inking react: ion 

20 descrj_bed below is preferable. erminal group or a 

Ln t,_:--;e case C)f interfaci:±J F)Ci ymerj_zatiC)rJ, t]c1E: encJ· .... 

:1s1nq a rrninal termlnatj.ng 

25 agent at the time of producing the aromatic po ycarbonate 

prepc !_ ynif? c. J.e:3 of ::he t.E?rff1_·l_na.J t.E.=::CrT1 r::ll-.i.riq aaent ,3 

-, .(-

,_, _ _,_ r:iq 

thP in Pnded contc~t o ~erm;nal qrollPS of h ~romati 



) ('\ 
j_ u 

polycarbonate prepolymer which means the desired molecular 

wej t cf the aromatic polycarbonate prepolymer, the reaction 

':>ec:l, -,onc.J '--· _,_ ,_, j l ") i ke. 

lr; ;::,,he: case of rnE:;_tt:. ~)oJ_yrnf:rization, tf,r;:; nd~ca 

r.ern1inal qrc.1-r:)s can be _i_ntrocluc:ec:i using diest('?:r car·t)<:Jnate .such 

as enyJ carbonate in an amount excess to thP aromatic 

y ccmpouna at ne time 

µolycaroona P orepolymer. 

/'\ ('• -- /'; 
u ,_,I Dj 

inq the aromat1c 

ardinq the molEcul r weight of the aromatic 

ycarL;c)J:ar.tc:: f) yrner, i.1. is 1:ir(:::fcc:rab1e th_,:,3·\ he:: v.;ei t 

average ff\Olc::c~ulc1r v;ei (:VJv;) th(·:cec1t is in tf1c: ranqc: frorn 5, 000 

to 60,000, more preferably in the range from 10,000 to 50,000, 

mos~ pre erab y n the ranqe (rent L0,000 to 4 ,(JOO. 

WhEn h mo~ec~~ar we f the arcmat1r rJr ycarbonate 

may be possible to modify the properties, it mi t be 

as che effect 01· highly polymer zation of he aromacic 

pol ate; f)repolymer haviricJ r::i bra.nched st.ructL.1re int.roduc:ed. 

In addition, a suff cient correlation between the amount. of the 

l)riJ.:nchinq <Jqenl 11~:-oecJ_ arlc.l the: 

-mole cu J a r-v.Jc:: _i aromatic polycarbonate resin thus 

o:t,;tai ried rni not be estab ished. 

,.-}(' 
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rnJ t be declined and the effect of h ly polymerization mi 

De insuf ic ent 

:Jc.1 

1~e:npe.r at ure anci c; r·cJr 

long t_i_n1E":;. P.~s o result~, since :JnE;vr',eo,~ceci l:)r."·ancf:f;cl or 

c.:ro.::;s-1 i.nkecl str'.JC.:t::Jres rniqht. be generatc-;ci naturaJ 1y in t:hE.0 

itselff it ,,.1ou},j_ J::::,e unfa·\1oral::>l tor the purpose 0f 

!' i1] , __ "i. 

l Ci F't1ct.h(2r11:ocef a .c:ufficier1t -:;rre1at ion bE:::tv1c::c:n thE:; r:;n10 i 1 1_,_ c,:f th<-"' 

;1_;_ ~romatic 001ycarbona resi t:h:Js 

t not be established. 

f C0""/9] 

j_ 5 r1Ci 

n -~ 

~ ' ; j ~"-' 

c.:c:>rn1_:_1ri.::::e.'3 d proceE;~:::; of c:ar y1nq c;u 1nKJ nc; and. hiqh Ly 

f)O yrne_ri_zir1q i."C:aci i c1n of he above-mentioned aromat 

ycarbonate prepolymer w ch an aJ t.ic dic1 con1r)c)11nd un 'Jer 

20 reduced prEssure in the presence of a transesteriflcation 

italyst. 

That react1nq the above-mentioned aroma~ic 

:poJ_ycarl')onat:::::: }-J.CE~f)C)lyrnE·~r: -'/;1i.t}1 c:-, a atic dial compound, ~he 

he arcirn,:Jt i c j.JCJ L ycEiI-}:)C)n·Jtc: 

r)rep0Iyn1er: vJh_i_ch is cier_:i_,1ecl frc)m he: a_·comatic cJ.:i y con1pc)und 

lcohol .i.c: n t.ht~' i ir1.k.i_nq 

reaction 2monq rl1e aromatl 

h2ving ~branched s~ructur0 ~traduced is crnmcted I,~) 

the mo1ec11lar we~ 



nnyrn 
'-..-'vu 'V j 

Ln the branched aromatic po ycarbonate resin which is 

correJation between the ree of branching and the amoun1 

:=> of t~:r~e bra_nching agent used at the tirne of introc1ucing the: [)ranched 

structure into the aromatic polycarbonate prepo~ymer. 

T'ht._ s, the ree of branchi g can be ust::.ed :_n 

accordance with the amount of the branching agent used even in 

anc1 a,s a re:::-:;1.J_l 

l ' ., ' -rno _;__ E:c::u ..1. a :t:' -';-;e i ' ' pc; _ _;_ yea :::.~l)or:a t E: 

desired ree of branching can oe manufactured easily rne1 t: 

pclymeriza~ion using convent anal conditions of a 

transesterification tnethod '01it.hout seekir:g a particu ar kind_ of 

equipment an or opera~ing conditions. 

1-:) OOE:l] 

atic aio~ comoound to be used for the presenl 

a-cic 

bonding to term nal OH groups. e:::-: cJ th.c 

h arbr:::r:-1 grc,1._1ps inc-::lude an alk ene qrour> and a cycloalk-/lene 

20 group which may be substituted in part by aromatic groups, 

he~erocyclic r ng-con~aininq qrouos or Lhe ~KE-:. 

More precisely, Examples of the a tic hyclrocarbcn 

groups inc ude a dih ic having alcoholic h y 

groups represented by the following general formula (I) 

;;') c 0082] 

HO 

08-3J 



_:_n h.(? alJ0"1e general fo.:'.:'rrru1a (I)' "Q" rer_;resenLS a 

h ca::cbon qroup ha-Jing at lc-:;a:::t 3 c;:irt,on a::.orns v;hic::I1 rnay contain 

n1c;re orc:,ferdl:)1 y c.:1 h ~bon qroup havinq 6 tn 30 carbon atoms 

whict ~3y contain atoms of a dif~erent kind. 

[ 0084] 

Lc::s c>f the atorns cf a cii fferent )<j_nci j.nc1 uc:le 2n ()XY~Jen 

dt()f1'1 (()), 0 c;·:_1J fur d"COJT1 (~)), a f'i i_ t· .. :cC:)C_jE:?n dCOi'l'l (]'J), ,3_ ti :c ne a c::rn 

(F) and a si_J icon 2[0m (Si) them, an oxygen atom 

and a su Eur a om (S) are most preferable. 

Tl1c n art)on c;r_-(J-'.JfJ <::an l)e st.re,:1it chain (linear), 

branched r CJ_r .uJar. ''Q'' car1 ~ontain a eye L\ structure such 

as an aroma Jc ring and a heterocycl 

0 E5] 

:r thn above qener3] c~ u1·'3- (T), F'._, r:z_ a.ncl 2<_· :_._.,, r r. 

ncier~ y YEpresen:: ct qroup sele eci from ~ne qro~p 

at.i.c h 

having 1-30 carbon atoms, pref2rably -10 carbon atoms, and an 

2 () aromatic h ocarbc)n grouJ_:,1 hcYvinq 6-20 carbon atorns, pre£erat!1y 

6- 0 carbon atoms. 

OOE6] 

l.c:-.:-;; of tl1E: a atic: h arbon 1roups include a 

; 1 near o:c b_cancheci a l group and d eye l qroup. Examp es 

of: the a ~ groups include a me hyl group, an ethv group, a 

propyl groLlp, an :sopropy group, a n-buty] 'lroup, an i-butyi 

h arbon qroups include ~ y group and a n 
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[ 0087] 

In tl"; i_s :cc::g,::.1rci, least one of R- and :R __ c:incl ,:;:it Least one' 

tly seJected frorr the group 

atJ_cn roccJrf)on qr:c:)ur> 

''n'' and ''m'' each independently represent an integer of 

the case that Q contains no a tic h roca :rl::Jc)n 

nclent 1 y refJrc:sc:n't an inT~c:::cre:r of 1-10, prc:fc.:ral>J v (3 

cf j -4 . 

() () 8 91 

Exr:::irnr.> es uJ_ the t.errr:iria-1 st_ I ;Jctures ''BC) (CP,- " anci 

H_ (CF: ) -OH'' ncl~de the ro owinq structures: 

9()] 



H H H H H 

I I I I I 
--C-OH --C-C--OH --0-C-C-OH 

I ' I ' I 
H H H 

H H H 

I I I 
CH, 

I -
---o-c-c-c-oH --C-OH 

I I I I 
H H H CH3 

CH3 H 

I I 
CH3 H 

I I 
--0-C-C-OH --C-C-OH 

H I H I 
H H 

H CH3 

I I 
--C-C-OH 

CH3 CH3 

I I I I 
H H 

--0-C--C- ···OH 
H H 

91 
--0-C-C-OH 

H i 

IY 
i 
H 

--C-C-OH 

I I 
H H 

H \ 

j-t~ 
H /,n 

91 
--C-C-OH 

H I 
H 

YI 
--C-C-OH 

H I 
H 

H 

I --o c 

I 
H 

I I 
H H 

CH3 

I 
--C-OH 

m 

I 
H 

H CH3 

I I 
--0-C-C-OH 

I I 
H H 

fH' fH3 
--C--C-OH 

H H 

119 
--0-C-C-OH 

I I 
H H 

OH 

0 n1'' represents an integer of at least one "1n" represents an integer of at least one 



Ra and Rb each represent a hydrogen atom, a linear or branched alkyl group, a phenyl 

group or a naphthyl group. "n1" represents an integer of 1 or n1ore. 

Ra and Rb each represent a hydrogen a.tom, a linear or branched alkyl group, a phenyl 

group or a naphthyl group, "m" represents an integer of J or n1ore. 

that a of FZ 

".."hat ~s, the· .a.l 

he p:·esen · n-Jen ion :~sf."> ei:c-:rat) ya fJr_i_rnary ':110.J c:(_;rnpc:;1Jnci, rnor_(.~ 

comf!O'Jnci. 

(J 0 9 3J 

]_ 0 to be lISed for the present invention include dih 1C 

having alcoholic hydroxy groups represented any one of the: 

f c:;1 O'vv: nq fo rn1u 1 d .c:; ( j_) t () i. i) 

0094] 



2S 

HO­
I-I 0 -­

HO-

()09')] 

(CR1R2) n1-Q1-

(CR1R2) n2-Q2 

(CR 1R2) u3-Q3-

( C R 3 R 4 ) mi - 0 H 
(CR 3 R 4 ) m 2-0H 

( C R 3 R 4 ) m 3 - 0 H 

In t.hc? al)O>Ir::: fcJrrnula (_i), Q rE.::present.s ah 

( i ) 

(ii) 

(iii) 

oca rt)cJn \~ r C)UT:> 

J--';avinc; 6-40 carl:)ori c:1torn.:,; conta.:i..n.ing arorr1atic rinq (s), r:)rE::fE:~ral::>ly 

rJ __ ric; (,:.;). Q can conca n at least one of dj_ffecent kind atorr.~ 

sc21c;c·t:·:ci frorn t:.h(' q·rour> cor1:.:;isti.ng of an oxygen at.orn 

L"l t. orn .'·)) , r1jtroqen ~~om (N), 0 cluorine atom (F) and a siJ_jcon 

t:i-:-~orn (E;_j_) 

nt:.j Y 

0, preferably an lil e~~ ] - I~ 

0.::n 1;_l_ qrc)uf:>, a i1oreny1 group and a 

u ') i l 

In t..ht::-: alJC)'-Je· forrnula (ii), represents a inear or 

r lJC group nav1ng 3-40 carbon aLoms which may 

cor1tain hetc;1 ycl ic ring(s), preferably a 1 near or branched 

L ~roar qroup having 1 carbon atoms wn1cn may contair 

rj_nq(s), mor preferably a - ~nea1 r r">rEiJ chc:d 

h rocarbon group navinq 7-20 carbon atoms which may contain 

tit ~:.~c;;roc\1cJi.c· rinc:-; (s). 

() - R2s o~e n~ djffere~t ki~d 0 1:om 

i j ,,) -•- '3 i _ _j_ l>--; ·'' f' ,___, _;_ Cl; _,., v '- ' ,-.,- " 'Y~ 
UA~':"'.'CJ, dT.C>~ (C_J) 

,, om (3), " ~. -1: 
Cl _;_ uorine aLom (F) and a ] j CO'l 



atom (Si I . anci "rn2 11 each J_ an 

r of preferably an in:::eger of 

2.I)O\JE:; 

h ocarbon qroup or a cycloal Jene qroup r1avinq 6- 0 carbon 

tit.CJrr1s, preferably ha,1Lncr 6-30 carbon atorr,s. ''r-1:3'' E±nci ''rn3'' c~rJch 

Jn 

Examples of the cycloal ene groups include 2 

r:yrlohexy ene group, 3 bicyclodecanyl group ara a 

10 ricyclodec3nyl gro1Jp. 

00 ') 9] 

In the al:JO'Jc~; forrnl.Jla:'3 (:i_) t.C) (i_~Li), R, [\, and 

ndently represent ~ group se ected from he group 

cons ~~ nq or a h an Ll 1 j_ Lie h ()Cc.:t .r·l.>on q I'C)Uf"i 

havi_n<j 30 carbon at)ms, preferably l-10 carbor1 atoms, and an 

G-10 carbon atoms. are same as hose n 

u1001 

the aJ} ar tc cJ101 iJn y one; 

t·L0' fc)rrr: _ _:_~a-~:; (i) ;::.:"J (i.i .. i.), s more pref2rabl0 o use a 

compound represen~ed th0; fc)rTnulas (i) C)r (j i. i). Jt s rnos::: 

preferably re ~se a compound represented ~:hf'.~' fc:.::rmu J ,:1 ( j j_ :i_) • 

11 

n 1.igt1t. of the disti lla_t.jon r::<cocess LO rernovr.::: a.n a:cornaci.c 

rnc;n on 

havLng che boiJ1nq poir h~ or than that oF ~~1d arcmati 



\ 1:: 
j _) 

rnon.oh oxy cornr)ound. 

In aclcli ti on, since -it i :_::; necessar-y to 

,;. ng under a ce1zain 

r:1rt:';ssurE.':, 1-J,~>e· an ali cJ.i o cornpc,-;1_Jn 

~Vlore f):cec._i~;e1:y, 

therefore, ·s desirable _o 11se an a t_lC (j_i_c,:;-l 

having a boilLng point of 24 C: er h er, preferably 250°C or 

most preferably 3so·r er h gher at normal pressure. 

t:nf:: d 
. , ' . 

+-,,-,c1·~c: 

C cJr 1.CJ',;JC::r 

can De \1s1;::;'.J su 

cl. 0 

Us j ncJ a.n ' a .i i ati<' c:lj __ oJ ccJrnr)c;_1nci havinq 

001linq po nt 0nables co emp1 the process of ~he present 

]_ "j fE?(;d . .i.nCJ l_.J,C 

a. C-Jt. j CJ _ _] .--, C) IT\'() CJ ~.1 ~1 () Pk.Lnq anc:i :iJ_ 

DO j_ yrEE:? r i z .i. n.CJ rr:c1uc-··c·c1 c;rc:ssuce .f t.or r 

and alscj to nh l)_it vo1atiliz.at 1 nn f: :..he a_li at. ic cii_cl ccrri~;c)und 

20 ciur.inq the manufacr.uring process. 

c ciic;l. ccrrr~)01Jncl 

contribut1nq to the linking ~nd hi ~y polymeriz ng reaction 

would be increased, ic would not oe necessary use an exc~c:.:;s 

amount of ttie aJ_j at LC dJ CC)ffiY:>OU Ci wf1:Lcl·: C:J13l)}C::E; tr:·-, rnp:cuvc: 

:2=·:) c::conomi.c c::fficic::ncy. 

:::· ' ,'.-j l l 



' u 

4 CJ 

Pr_i_rnary Di.<).ls; -H aining un(_is 

F·referc:·±l::-J e exami::->lc~:'s - f the aJ1 aT::.1c C".)j _1 c:ornccu cis (')f ::::.he 

'_JCJE': G L h 'COX noxv qrouc-ccntaj_ninq 

compound represen~ea r i-1c> -() ti\/ !I 

is seiected from the qroup cons sc~ng of ~n orqanic qroup 

represented oy ~ne following structure (A), an organic group 

represen~ed bv the following structure (B), a divalent organir 

group represented 

ure (Di 

r c 1o4J 

• . . (A) 

(R,)p (R2iq 

Q-x-(j_ . . . ( B) 

. . . ( c) 

-co-
. . . ( D) 



c 1c5] 

In the aoove structural formu X represents a sing]~ 

h ,:::::_rid 

nden~ly represen ah 

havi~g 1-4 carbon atoms, a enyl group or a cyclohexyl group, 

which may contain a fluorine atom. Preferable examples of R_ 

anci include a hydrogen atom and a methyl qroup 11 f>" anc:l "c~ 11 

Ra Re 0 0 Re 

" ' (", ! 
' 

II H 
-Si--x, (C) e- -s -s- -s- -s -~ 

i II Rf 
Rb Rd 0 

J. () 

/j 

n t _;_ v 

rc-?L)2:'."esent :-1 :1 

-30, preferably - 2, more preferably l-6, most preferably -4 

15 carbon atoms, an ar group having 6-12 carbon atoms or a 

group havjng 6- ) carbor1 atoms. 

linked with each other to form a ring. l.c:;s c:>f the ring 

i .. nc.l.ude ar1 arornt.01r~lc rj __ n(J, an aJ_i_c/clic r , cJ bc:tE'~Y()Cyc.l _ _ic r Jf'J 

ont:Eij_n i n<J () ,:-:in 01 S, a.ncl (::i.rl:.i:i Ary combj atlons of them. 

20 When Ra and Rb are an al l group or arP linked with each 

otner to form a ring, they can con[a1n fll1orine atoms. 

r ·; n e a c C)rr;. 



qroup or an ethyl group. "e 11 represents 01i ~ n r of 1-2(), 

prefera.t;.1.y L-J 

!31 

corn~)C)tJncls a re 

shov.Jn L1EJO\l-1. In the forrnu.~.a.;.-.; SDC\iln ce:Lo1"1, ''n 11 anc} 1'JT1 1
' ea.ch 

ntly represent an in E~r cf 0 4. H a.nc.i eac:h 

group, a n-propy group, an isopr group, a buty: group, 2n 

a cyclohexy] grour 

i,) l l! 9] 

<Y: Organ c Group (A)> 

Prsferab 0 examples the~ a1.i '-· L ci i o .l 1n 

the case that v ~ the organic group represented t:..he a1:)ovc~ 

st.ructure (A) are shown below. 



0 

CH;, 

ro 
H 

,/ \l. /' V' ,·,' (; (I?.)> 

' ' 
~?il)\)'·Jc'~rr;enT~' c;ni ,_)_ rc;-an_·:_c 



represenI.ecl the above structure (8), X in the struc~ure (B) 

~~ preferably reoresented CFaRL- wherein Ra and Rb each 

F~xarnr:;J_es C)f Lh i :·, 

tyr)e c)f al at1c dioJ. compounds are shown below. 

CJ l _L _l_ J 

<Y: rqan c e_;rc)ur; (C)> 

Prefer:~Jl::)le atj 0 dioJ compounds in 

]_() Lhe case thr:.11· Y _i;3 thE:: orqan1c qrou:r:-1 represe;·it.c:;cl l.')y the a}:)o·ve 

structure; ( ,, \ \_,J 

[ CJ 1 _1 

~o--cH,CH2-0H 

HO--H2CH2C--O~ 

Most preferable compounds amonq the above shown 

2-hydroxyethoxy group-contajnj_ng are ,'3h0'1Jn [)t:.?lc)i,;. 



4 ~-

HO-H,CH,c-o-0-f-/Q--o-cH,cH,-OH 

HO--H,cH,c-o-C:' 

HO-H2CH2C-O~O-CH2CH2-0H 
I 

~ 
H0-H2CH2C-0 '--·ff 0-CH2CH2·0H 

r o J J __ ); 

( j ' Pr mary Dials; H roxya a1n_1ncr ncJ 

::~ c :Jc.le. a yalky~ group-c:cnca1n1r1q 

comooLna represented I: HO (C::H 

an i r of 1 or 2. That is, preferable n roxyal 

inc1 ndE-; a l'1ydrcxyrnethy grour) anci a hyclroxyethyJ grout). 

10 es of ''Z'' ir1clude organic groups shown below. 



ya1ky1 group-containj_nc~; 

recr0sent an inteqer ~ -L 



~H 

/J~::1 
C~10H 

J,"'~CH2Ch70H 

M 



1 () 

48 

C~t.lC U_J()] C OIT:f.) 0 LL Ci.'> 

CCffl~'.'J()iJn j 

h? fo1 Low nq structures, wherein R represents 

~- 0: 

[ 0 Hi 

0 

~R-0-~-0+R-OH 
n 

11 9] 

T~ 
Hz I H:> 

--C -------r-·-C --··-
i 
<>;, 

-H,C-c;---m,--
vc~,-

""' I 

compounds include the followinq dials, especially 

cyclohexanedimeth3nol or a neopentylglycol a1me , or a mix~0re 

,-_--;()fi!t:':C:nc:n t . 



j~ ·~preferable to use cj primary dioJ select.ed from the 

( i) c1 ~ruup-,r:ntai~inq 

;_:ornr:::c :ir:c.' ( :i i.) d. n roxyalky1 qroup-con~air1nq anci 

(j_ii) c:. carl::>onate cl_iol curnr)C! 1 inCi n-~ the ali 

to be used for the present invention. 

(') 122J 

ar.j __ c ciiol cornpour1d. tc: rJe used. i or j·1c; j:Jresen t:_ 

; '._.1 i_n",JC::'nt on shc)u1cl not f)e lirn-1_.tecl t the c-:tbo"1e-rr:entic)necl com1)our:1cis. 

_tc,.., exarn[!lc::s oE the a :::i_c_i_c dial s cJ_J_so rernc-iin 

a.rnonq fJr:]rnary cl.i.ols uLher t.L:r;:ir: t:..hc" aL1ovE:::-rn0;ntlc)neci }J·cinlary <3.i.o.-l:::; 

amonq seconaary dials. EmoJ..o le exarnpl.es of T~he other 

primary dials 'Y scconaary dials are shown below. 

'~ 

CfJ{_)Up f:.c;,._v" , .. , nt y 



'.)Cl 

1-4 carbon ato~ 0 

Ra an1 Rh are samP · 0 aoc~e. 

qJnur:: :Ja'11nq ~D, prefcrab~y -R carbon a1nns, Re and Rf each 

qroup, a n-propy group, an isopropyl qroup, ~ b~tvl group, an 

isobutyl group r a enyl group, m'' represent an i.nreqer C)f 

1-10, preferably 1-5 and ''e'' represents An ln r of 1-10. 

<O her Pr mary Dials~ 



HO~OH 

r\ 
I /' ""v 



I Rb \ 
I ' \ 

R'- I i_ I ' 
Ho-- I s1-0-1-R -oH 

\ ! j 
\\ R~ Im" 

Re 
/ ' 

HO c: 

0125] 

~Secondiry JjsJ.s> 

HO OH 
\\-... _ .. / 

__ / \ __ 
/! \\ I/ "'· <:: \\ ( \\ 
·d \,==/ 

HO ~ 
""~-0 

<
-\ ' (-\ < J > 

HO-- >--+- \ rOH 0 J "-<. 
... ...! • - H OH 

" " v• \, .. " . __ ,.,, ,,,. 

r1e-rn c.:(::: l::H? ·c.J.sc:ci -; n ~:::crnl')i.r;at c:>n 



vJ t-:.h each other. t.o be r_:;:_-act_-:_ 

used canoe selecLed in accordance with the reaction ccndit1o~s 

th(' reac:·- condi or t~J :(; L .<e. 

-,, 
i <.'.. / ! 

:_o t>e used_ i_ncJ.ude deca:Lj_n-2, 6-·J:i.rne:;:thanoj_ (DJIJi), 

pentacyclopentadecane dimethano r 

4,4'-bis(2 h roxyethoxy)bi ny ! 

2,2'--t.>.is[ (2- yz:::t:_[')r_:;xy) eny· orooane (B?A-2EO), 

9,9-bis[ 4-(2-h roxyethoxy) L uorene ( BPF~E') , 

q_]_yc:o , fJuorc~n(; c::lie h;:.:inol, ancJ 1, --eye ch(:xanedimet]-;(:;nc>.l 

(CiiDM) 

I c 12 

i·ne amounL of the ~1~ c:Li 

;:::cc rd.~ncrt 

rnor<::' f):C<c:":~ferat>J __ y 1 . 0 rnc l () r urther preferably 

t_o D.4 ;noJ_r;-:; pc:r mo_l_e 

n --) 
•,) . /_ o C.7 

of thr:::: tc:rrninal CJroups C)f the aromatic polycarL"Jonat:e fJI"t:?:f)Ol.'1mer. 

i~j c ci_j_oJ 

the above range, the race of comonomer 

COITiC)Or!.er rn·; nsert1c)n reac: c whErein 

at1c a1ni compound ·~ins red -nr 

the branched aromatic polycarbonate resin as a comonomer 

componen~, ~nd the influence of ~hn comonomer component on the 

ncJ 

rn,. 

y polyme1·j_zation [ the aromatjc polycarbonate 



JC 

preI)Olyn·1er havin~J C':'i branchec.l st:t"UCt.l.Jre int.rociuced. In addi t.ion, 

when the amount of atj_c clioJ tJsec.i is 

rr .; a suffic:ient ccrrelat1or1 

oe~ween the arr1ount of the branc~inq agent used and the degree 

of branching of the branched hi a:corrlat.ic:: 

polycarborate res~n thus obtained mi 

01 3 0] 

li.ccordj. ncJ u! f 
01"C>Tnl 

terminal groups of polycarbonat 11 tOLD-~- arnC)UI"l't ±~ ::.errn_i r1c.1 l 

groups of poJ.yme 11 is calculat~ed on t=he ass 

exarnt; t?:, the total amount cf the terminal groups 

l on that., fC)J'. 

n -F 
\ _ _)j o.s ffl(.)] ' j 

f)O ycarl)onat.E.? hav_in~J no L1ranchc::ci -~'>t.ructlire or lic:1·'1J_n1] a l nt:;ar 

.'3 tructurc: mo , since the number of ~erminaJ groups per 

rno_Lc~:ctile C)f r:)C) ycz1rt,onate nE1v:i nq no L>rc-:ir:checJ st.cu 

Tn 

1J 11rc;, t:r:f..'.:' rminai qroups o ~he branched cha 

is concaineJ in the amount ~ e :c '.'.L ri .~ 

The totaJ amount of terminal groups conta1n1nq the 

erminal groups cf branched chain can be der ved from H-NMR 

a.r1aJ ys_1s, a , .. -:,:Jlcula_t en frorn i.3. rnc1ecLJla v:;eJ '----' 

a branching agent used and the like 

i_) 131] 

It cJc0;s:i ral:;1e Lhat t. J-1 (-_:, of c:> ur_l __ ne, ni trcJCJCn, 

alkali metals, and heavy merals contained in the ali ic clio-: 

compound as lmpuriries are low . 

.:.:. ;--



The preferable contents of these impurit es are as 

fo] J.OVJS: 

'J'h(-? CCJ,ten~- o=: ni .. t:rC)CjC~ri l :--~ y:)rc~fc.;ra_L>ly 'The 

ccni_en°:· ()·f al'.-c,a j metaJ:··3 _i_~3 \)referal:J1.y l p·orn or L<_::s::>. 

rd.i.ng hea-,,1y n1c-:::t..als, th.(: ccnte:1t cf i. ron L.s r->r€:::EE:;r,31::_1ly 

J ppm or less, the conten1 of n ckeJ is preferably L ppm or less 

and the content of chromL 1Jm is preferab y _ ppm er Less. 

: U] 

() J.C IJio-1 

nci: 

sub1e··ted co ii kinq 0nd b' i.v-r>o1yn:e:cizJ_n\J, -cE'.?.a<:·: icr1 vJ_it:n 

c~e aoove-mertioned a cl o .l hEl'Jir-q d. a_ 

' ' -J .; Y-C:-Jca_:ct>cn c__;:co1Jf)S r:.Jcr: 1..1 r:q 

uncler 

0 oe used re~ en~ 

h hly-polymerizing reaction in ude a basic compound catalyst 

and a transesterification cataJysr which are commonly used for 

0 l 3LJ 

c:s ot the; i'>iJSic con1po~Jnd c:ata ys~ J..L :uci:e- a1ka_li 

metal compounds a nr a:l.k;.;;..l 

2~ nitrogen-containing compounds. 

Preferable examples cornrJc>t1nd.s an.ci I o:r.· 

2lkaJ_j ~arth metal ~amon ind ;:.3 c j ,.-.) ;.'.j 1 i° c:; I 

-J r:o_rqan 'c sa +-3, oxJ_cJe, :i rc::xj_c:le, h 

:::·oxic:le .:'J.nc:l sr:.1] LE; t.ht-:~rrc>f and amint:=.~s of a k,~:iJ_:i mc?t:<''l (c 



-; c 

2 () 

and alka i earth metals. can i>e u.::;ecl eac:h 

den~ly or wo or more of them can be used in combination 

\;J th 

,-, ' 
I j j ':) ! 

rneta] 1 nc l_ ucie .~-3()C111Jrn 

Ii i de~, p-ctassi_:.Jrr; h _j_ (](; ' cesiurn h i cle, 

h roxide, sodium h carbonate, sodium carbonate, 

pc)tc:1ssiurn ca:::.-J::)onate, C(~~sj_urn CEiI"lJonate, lithi1Jrn carL--:or1;_;t_-_(:.;, ::_'5C)clj :_1rn 

po~ass urn acetite l ;-

sodium s,earate, assJ_uw stearate, cesium steara e, 

s earate, sodium boron h r ic:lc:, sod_ tum y1l:)OrE:itc?, soc:l.i urn 

l:)('nzcat(~;, 

r·1 scd_iurn 1~ 

cl,_J_j_t_hi.urn h 

Ci1 SC)Ci.i :::::,a_!_ t of ;.,; -~ 

,.r , . ..,, 
_,__ __ ,_,_ 

no 

t:.(:-, 'r:-sjl.:,ml:;en:z:oaT:e,, :L.i..th:l1Jrnl:)t:n::::ccJ,_t:::, 

ti.3-S.s_urn h 

. . . ' 
c:1_\~·:, c11sociJ .. t1rn eny _L 

'r· 
:--, ! 

C) l 

as.s_::_urn 

ate, 

0 ,3_ :~ .. , a 

no.!._ 

:-:oci _; , .n 

enc: , c1 CE·:·s ,1111 

l f G 1-;-·n11Jrn ;:-;alt t:;noJ_. 

[ 0136] 

les of al kaJ earth metal compounds nc 1 ucie_· 

01c:_iqnes:t_l.1rn h OXlCE~, stru ~ urn h ic:c:, 

id.e, rnagnesj_um h roc5en carbonate, a_LC1l.1rn h C(")CJeri 

carbonate, s~ronr1um h ogen carbonate, bari11m 

carbonate magnesilim ~arbonate 

2:} carl::JC)nate, bariurn ca::ct)onat.e, magnesi_u1n acetate, calciurn <:3-cc:t:.ate, 

" " ,:1n l rn;::ic;nec:~- -:'Y' :1 '/ ,-:-r": 

l () :l 



quaternary ammonium ides containing alkyl groups a or 

aryl groups such as tetramethyJ ammonium h i.d.E?, ::.et.raf:::tl'yJ 

roxide, t.etrapcop ::1rnrnon i un1 h :::Jx_i.c1E~~f ::etrat)u 

a1nrnor1iurn h rcx1:·le anci ~-J_ _·irnf:t.l:yllJerizy.J arrunor1] urn h i.clc~; 

1-) r.c:rt.iary arni.n(~:::J S1_1cl-'i as ::.rie 'ny1r:irnine, ci.:i_rnethy-J.t:)f:':n yJa_rninE.:;. Elncl 

ylan1ne; secondary amines such as die hylamine and 

arr:i_::e; r:;r:irnary arni_nes su:·_:h as f) arn.i..nE:~ and })utylamic:c' 

St1Ch -methvlimidazole, eny)irnj_dazole and 

:cl a t>dS 

',-, 
lU tramethy ammor1um bcroh 1c:i(:;, Let.rab1Jtyl arr:rnon·i~1rn 

i_cl(::, t:.c:t r,J.f:)ut yJ amrnon J. urn t.et y.l..}:)()r,;-~:it.e anci 

\..et r y.1 arnn1oniurn tet enyll'.)or;_it_e. 

[ 013 SJ 

rdinq che transesterif j.cation catalyst, sa ts ot 

inc, t.i_n, ' ' 
7 L rcor; 1 urn ead can bP preferably used. The'/ c_',_'Jn 

rnore () f 

'.;J:i .. :~h t.-:acn o'.::.nc:r. 

0 J .. ) '::? J 

Examples of the transesterification catalysts include 

0 ZJ_nc acetat.e, z.:i.nc bE::nzoat.c:-, z_i.nc 2--c.:th~ylhexancat.e, ti ri ch.lc;r_idcC> 

(I I) , ch l .. or ( I\i') ' (I I), i~. j_ n ( ; \}) ' 

cl.i.but t.in C'Ji. 1aurate, clibut O>:ide, dibut:.y.l tin d.i_methoxicl;:c;, 

z r·cc_1ni1Jn1 :-3.ce:tylacetcJnate, ?..i_rc:oniurn oxyacc;tarc::;, z.:i .. .r .. ccr·1i1Jrn 

1: (- t_ral:)utc:>xide l.eac1 aceta.t:.e (IT) anci .lead ;::1c:c:1-_:;!:c, (I"-J). 

-.rl:<-::.':Se cdtd J_yE3:.s can t:>e ust.~:ci i.n an arnoun 

! x ! rnc l '-"' : .. ;,. 



]_ 0 

0 41] 

The rature of the linking and highly-polymerizing 

r::i t ~-- C' ci c 

of 240 -c: t :320 C, n·1o:r_-c;=; t).LC:'i.:·c: aL.J y r> t];e ranqc; 

rnos~ preferably in the range ot c: to 30(.J··r·, 

'.J142J 

The ree of p~essure reduc~~on s prereraoLv in the 

rrcrn 0.01 kLaJ;, c (). CJl3 kF:::;l-\ rr) . 

the inkinq and hi 1y-po1ymerj __ zj_nc; reaction is carriecl OU!: ur1c:iE~r 

r1ormal press1 re, mo ecular wei decreasinq of polymer miat1t 

l::>c: i.nd.LJCE':::ci. 

I CJ143J 

atjc diol compound, the we1 t 2VE-:'LC3.qE-:-; 

can l)E-.?: c I ea [:3ec::i 

average molecular wei ~ 

r u, 

t:.he 'dEl 

of the aromatic polycarbonate 

20 IJrepolyrner. 

V-Jh.J_ J.e t.he 1:Jei 

t':.>ranche1j arorn<Jtic: f)Olycarbor12te re;3in of t:.he ~.!_res 1 :r1t i:--1'\Ier1t.J.Ori 

j_;::; not f.Jart.i.c:11Ja J.y 1.l_rn.l_ teci, ' l I 

~~ more preferably 30,000-80,000. 

Cl 4 -SJ 

.... ,he 

E:;')a_J.ua eel 

is preferably 30,000-100,0 

V inc_iex, "N--va. l 0
11 



N-valL1e is represented the following mathematical 

forrnula (I) •J.s.i.nq 0160 VJL.J_cn _Ls;_-} rneltir:(j f.lu_i_cl volurcE.~ per un 

Luid 70;ume oer unit time mc~as1Jred unde1· i3CJ ·'c: anc1 1() J CJiJCi. 

c 1 fj 6] 

N-value~(log(Ql60)-log(Q10) )/ (J_og160-logl0) · · · (I I 

CJ 4 7] 

ln t·1-"1 E~ Eit)<JVE:~ rnat.hemat:.i,-.:a-1 fOI"·rnt1 ct (T), (i160 rc:present.s (' 

CC)nC:iJ. t.J.Ons uf 2 0 C ar1ci l 60 oac{ u,s1nq Ci rn~?(3.«::Ju.r: inc; ns-cr1Jrnc::n 

rnanufact.urecJ Shimadzu Corporatlon, rad(? narne °CF'T-50CIJn, 

v1J th the .strokE? '7.D-10.0rnrnancithenozz. e;sizeoflrnrn(clia_rr1E:?t.(~~r) 

x LC1nm (I E::nqth) . 

Jn the:: cJ}:)ove rn,:::1thE;rr1at.:LcaJ J:orrnu_La (I), QJO .re:pr·t.=:ser1t,,s a 

1:·:\ rne: tj_ncr f1di_d. ~10.lurnE:::- per un_1t. t_J_rnf': (:-nl/sE?C) rnc-=:;.,suc<~-::d uncie.r t.hr: 

ma~ufactJrEa bv Shimadzu ' Y> r • < 
'"- (,< on, t.racle arne::: 11 CF'I'-·SOOI)", 

7 . U - l 0 . () rnn1 a r1c.l 1-_ IJ.t~; no z. z 1 c-' s -~ z c: of J. rnrr: ( d. i a;11e t e _c) 

x Cmm(-1 h) 

!_ CJ l 4 8] 

\tJh 11--; a straj_ t-chain aromat c polycarbonate obtai11ed 

interfaciaJ polymerization has N-value of l.l-1.4 usua.lly, 

the aromatic polycarbonate poJ_ymer obtained 

yn1e1 j_ za t J ()'."l 
(:' '1 
J_ j .3-2.() E:?V(;rJ us1nq no l.Jr }ncf'1.i nq 

agents because of decrease in qua ty caused by heat 

deteriora~ion d1ir1ng the manufacturinq process. 

I resin duri~~ ~he man~rac~ llr~nq precess and 
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L->e c~ont.rolled. 

The N-value (N) of the branched aromat c polycarbonate 

brar1ching agent used during the manl~~a~~0ring process of the 

aromaLic polycarbonate prepolymer. More precisely, it has a 

correlat on represented t:.he fo J C)VJing· mathc;mc_.it i.caJ f()rmL.1la 

(IT) : 

() 1; 9] 

(I 1 

constant number from 0. () 6w-'.l.t nc) 

represents~ const1nt number from 1.05 t 

fJ:ct_?fE:?ra_l:;_ly l . .L o 1.L with no ~nJ 

According ~o cne present invention, as ment cnea anove 

since the amoun~ (A) of ~ne branching agent ilsed our nq the 

manufacturing process of the aromatic polycarbonate prepolymer 

2 ree of branching (N-value) exhibit a certain leve 

c c:;o;::"r(::1ation, __[_~ i.s po:_;s l)Je Lo adjust tf':e rc::c:-

of thP branched aromatic polycarbonate resin 

arnour1t ,)f he:: l:J:::-anchj_nc~ aqe::nt: tisecJ ci1Jrincr tl-::c:; rn;:"Jn_j acL11r_i_r1q 

the aroma ic polycarbonate prepolymer. 

fV!C)re precise1y, s possible to a ust ne 

i • l 2.2, rnore pri:-:;ff_~ral:>ly ~tJ.l hj __ n_ t~J(? 
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range of ~.2 to 2.0, further preferab y wi~hin the range of 1.2 

l . 9' most nreferably wi_hin the ranqe of 1.26 ~ 1 • '.0 • 

~'. F 
l..,.;J_ Ol aromat1~. polycarbonate 1-S 

a YI-value in general. A branched aromatic 

polycarbonate resin obtained interfacia 

usually has the YI-value of 0.8-1.0. A conventional hi ly 

polymerized aromatic ycaroonare resin obtained mt:_:: 1 t 

za~ion t1sua11y has _,__ ;-' 
,_ i j ,,.---; • JC" 

10 aecrease in quality d~ring the manl1£actJr1 q process. 

?h_e branched aromatic polycarl:)o.na te resin ol)tained l):y the 

f)::'._-ocess cf th<-?. f.'r .. esent in'1er:t_ion has the YI-~;alue ccrnparE1tJ Le -:-n 

the aromatic polycarbonate resin 

f)Olyrnerization, and d.etc:;riorat.ion in color tonr=: is not ol:)sc0r\1i.:?Ci. 

l ~~ [ 0154] 

-ce;:.1ct._icn ncJt t)art J ,_.___, l_d_r __ y _!_ lff;_~ tE?d 21ncl ;:1ny 0 I 

continuous polymerization or batch polymerization can be 

2U The reaction appara~us used for carr nq out L.he 

01 anchor blade, a Maxblend impeller, a helica ~ibbon blade or 

the like, or can be a horizontal reactor equ 'j.J i_ ·;:::.h a 

l::;J __ acle, a lat t.i.ce LJlc1cle, a sr)ectac e-sha fJlacle or, tht:_:; J_ r-::e' 

25 or can be an extruder equ ''/'J:::.Ln a screw. In addi._t.ion, it 

is desirable to use a reactioG apparatus wherein tne 

2bove-men~ioned ~pparat~ses ~re crope~ v romhi~Pri w2 h 0~~i 

~ .. a.kinq ~--~-'' :-; J cie r <3-



w1r~ a screw having a horjzontal stirring efficiency and 

ci unit c e of d.e-·0 reduced oressure. 

t:?X t 

:cea ~to:_- nq a ootymer seal and a ven 

i1se a material which nas no influence on the ~oJ_or tone of 

he r)olyrner s:1ch as s::_:_a::n'le::.:s stce1 selectE::d fron1 Sl S310, SlJE)316, 

SUS304 or the LJK· nJcKel and iror1 n tride. "n ac.lcJi.t:_·lc)n, a 

buff processing, an el_ectrooolj_shing processing and/or metal 

D :Jt:..incJ such as chrorn.i urn r:).1.at: i.nq cc3n be appliec.i on t:.ht=:: inner ,··=~icle 

of the apparatus which is a part contacting with polymer 

According to the present nvention, a cata yst 

d0 c~~i.vaLor can be added to the polymer hi 

~~- above-mentio~ei h:gh y polymerizing reactj_or1. 

employ a method of add~nq kno~n ac d 

lC.'3 C t-r-ic: ac: cl 

mater als include aromatic su fonic acid such as 

p-toluenesulfonic acid, aromatic sulfonic acid esters ch as 

rganohalides such as stear1c acid 

chl~t ide, tutyric acid chloride, benzoyl chloride anj 

, ... i]_1Jt?:nesulfo:nic aci.ci c:hJ..o:: ici(~, a1 sulfate such as dj_methy~ 

er:: 

/ .. _; 

l': ""·:-~_.c, deac J_ "-Ja.T~ J_nq he ~a·a ys~, a process to remove 

~ 2 temoerature ranqinq f cow 
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E'or carrying· out. t.hi s process, 2 horizontal reac or eqL.1i 

a s~irrinq blade excellent in surface renewabilitv such as a 

(,1, ' ce b] de And 2 spect~cle-sh 

:::: tr--i1n £"jln1 v a -' n, __ QI '-·c'~ r>re:fe:ra[.)} \j .Ce USE:?CJ. 

F,.ccord.:i.r c_} t.c _i.nv1.?.nt.ion, ~1a r :i.ous 

such as heat staoi~~zer, antLoxidant, pigment, enhanc_i :-1q 

~, ultrav ale: absorber, lubricant mo d releasP 

-Ji.ciab_i_·: i.ty-:i.rnf::J.0~1~'1c; aqc.;rt,':> ancl an ist.at1c Ei.qc ts can be acldt::cl 

I I' 1 5 9 J 

Thc::S(" i:"::idd.i t:i.ves can t.Je rriixecl \:-Jit.1'1 t:[·1E:: ~JCJ ycdrl)onat.e re::.::; in 

by a cor1ven iona method. For example, a method wherein the 

components are s ected to cJispers on mixing a. ·ca~Jid rrrixer 

::;:._1per.· l'l iXE-?L, '.'3t Ci \:hen '.::.he fTi Xi Y .- 1 c~: SUfJ (:~(-'1 eci ~-u ITle: t~i:rJ.C:f ancJ 

an extrcaer, c banbury mixer, 2 roJ 

20 CJ.J. 6CJJ 

'Th.e f)ra.nch(::::c:l arornat.ic c>ol vcarbonat.e r<~:s.in f the prc::sE:nt' 

invention j_s .st1it.aL-;le for rnc.)1 .... .i:J_ng such as 1arqE.':'-sca1e extrtLs_i.cr; 

mola~nq or varJous types of blew molding, and is available for 

rnat(~rj_n1 :'' fC)J \7,'1ri.ou;:.3 tyj::>E::;c; of J.cJec:i art.icJc;:::;, shE;(;ts, fi J .. rn.'::> 

("Jflc.i thE::: c ke. When used for these mat:.eria s, the branched 

;-'1LOrna"C.1.C }JC) v:·_:('Jr}')C)flat:.e resj ()f t.hC~ [)resent. inV(?ntic;n can bE? USPO 

, .. 1ara C'C:,,, ;,"~; c:.1 d_/c:r lam:ina.Li .. rc1 
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the intended se. 

I Ol61J 

tht-? rnulr'lcd :--;rt·c _.3 inc ;_;c;_C;' 

icaJ equipment comoonents such as a siren li covE::r ancl an 

illumir1at1on lump cover, a cement for a window g1ass 

of a vehjc1e such as a train and a car, replacement for 

a window glass of a house, a light window components such a~ 

a sunroof and a greenhouse roof, enses or chassis +a goggle, 

J_ !J sunglasses and spec acl s packages nv chassis ~ off J __ cc': 

autorraTJ_on equipment such as a ~g machine, d fax machine 

as ;3 'l''./ ,sE:t c:tnci e:i :T:j_cI:·ov;a-ve:; ove:-;n, e1ec-=.:conic' c.:orni::-;c>n(~nt(._"; si_Jc.:h i?.S 

n con1,<--' Lor anc.1 an;·(~ .r·i'J.j, -~) otecc_i_\re equ s11ch as a Y1c:;Jrnet, 

c::1 i:.-. r :·- c;, ,t a.nc:i E.t ~) ectl_ve mask, domest 

j_: ,-) .--J ncJ r <.1 y , ITi c:: c{ .i , __ , o qoccis 

hese examples are noT intended t IT1 ., h.c-: 

scope of the present invention. 

2 () 

Examples 

invent on will be descr bed in more detai 

nq v:;l _-j__cL are nu-::::- L :i. rr -j 

the scope of the oreser 

!'nP meas~rement vaJ.ues nf Lne examples and comparat 1ve 

a c:i/c 

I_ 0 I 6 
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i ) \/Je.i t-average m(J}ec1J1ar· \~:ei 

t (J'!J·v;;) v:;as rnec.1st1.rt?~c:l 

c;pc 

'/S~---'/:Cene 

n10J_ecu-1ar '.,:Jei J_ ) Bas eel 

t1pon tt1e anaJytical curve, Mw was calculated from the ret.ention 

i' i !Tit:: of (~PC. 

~lass transition temperat1re ) : 

The glass t:ransj_~ior1 temperature 

1() differ,-ntial scanninq CiJ.Jc_;r rnt:_~:t:_(:;-r (DSC). 

t 0 l 64.'j 

amount of terminal qroups of polymer (mole number) 

0.25g of o po ymer sample was dissoJved Lnto SmJ of 

clc_:ut..c:-ri.:it.1;-c:l cfl1oroforrn a11cl t.hf:;n the arnount o 1-h.t: tcrrn:i_n,J1-E::, vJ,::1.::; 

usinJ A nu:lear magnetic 

f ,c 0 "/ YTH:; :i 

4) Concentration of terminal h 

20 The concentrat1on (>f term~nal hydroxy groups (ppm) was 

a. ccrnplt.-::x fo1:·rned 

_rem the polymer anJtlm tetrachloride i.n El rneth ene 

r·~ oride solu~icn or ooscrv1nq termi~al h 

2 :) ': l Co '-' l Tone {YI~value): 

ofapolyrnersarn;_J r~v1,:Jscl.i.s.5C:Jl'Jed in-:- 60rr:1 of:'rne-tny;_ene-

/ 

-.,."' 1 aclc I! •I /; i 

DENSHOKU INDUSTRIE . ' 
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! 0 1 6 6J 

r sam~le of aromat polycarbon~te 0r1~rl A 

ected o a mcasuremeGt usinq a 

'.'! O~" tice-type =:lo'vJ te.2oter, t:racle narnE: 11 CFT '.·)COD", rnanuf;::Jc:t.urE::d 

by Shlmadzu Corporation. 

''Q160'' was evaluated with the sample a 111oltf;n fluid 

volume per unit time meas.ired under the condj_tions or 280~C and 

ancl ''QlG'' 11-Ja_s \la.1-:_;ateci in t:hc~ sarne ,.,0.2 r 

and 'JOkq. N-va ue 01~ ca culated by the fo Lowing 

C~ ancl l_oac:i ancl "Q D11 

wt: ch was a meiL1ng ·Jid v lume per unit ime measurea under 

, oac:i. 'JaJ. ue: 1:Ja.s -c.ne a1T1ount_ J c ;J 

t·c, (rn /sc:c 

••. ( J) 

0168] 

20 < le -> 

.2 fftOl) ox 

(hc~reinatt.er, "BPA"), 46. rno ) of ny.l. ca:rf)C)riate, 

1 5 q ( 0 . 4 9 rnrno l ) o: 1 , 1 , J - :: 

r 'l urnoJ uf sod J_ urn i- rc·qen ca:cl:>onate as n c_·'d d1ysi .. _, v-.1hc:rei 

11 'l lJfflC> ~ 1 11 mean~ 1 umo1 per mole of the totaJ amount of BPA 

TPT:' - ,, ,,, , cha lf: t ('' ,::-1 3 Occ: fc)ur~neck f] ,3_c.-;;k w J_ t. h 

:-3 'en,_) -.::t\ :r1J r:·::te:s. 

Subsequently, the ree uL pressure reduc~ion was 
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acljusted to 20k?al\ (150 torr) and siml:ltaneously the 

was rajsed tG 00 rat a rate of 60 C/hr and ~ne 

f i c,::i t_ j __ or: 

in s. 

Tt!en, the emoeraLure was raised to 225°C at a rate of 

7.:s c:/hr an1_-_i the rature was kect as iL is for 10 minut s. 

S11bsequently, the temperature was raised to 260 C ai~ d 

rat_<:? ot 6'_:)-'C/hr a:nd the f)res;3;_.lre 'tJdS reduced to 0.~l~3kPE-l.1'::. (1 tC)rr) 

nou :c, h1l-1<::: r: 40q of an aromatic po ycarbor1a 

10 prepolymer having he weight average molecular we 

33,200 was obtained. 

01691 

3 q f (.he atomatic polycarbonate prepolymer thus 

()lJtc_;J11c~c1 'rJas ct-1ar :--1t~_c, a 300c_~C' J.'-- lJr-nc:ck 

anci hea tecl and 

u. 91q (2.l rnrno-1) \_)J_ 

yechoxy) yJ_: :fliJ.c:rene -:..~1as acici{-:-?Ci tl,E:~:rc::J_n, 

and the n1ixturE:: v-1as st.irreci ancl kneadeci for 30 m1n_1tes at. a --Jc.ic:kr::t 

temperat1Jre of 290v 0 t1nder reduced pressure of 0.04 kPaA 

Phenol distilled from the reaction system was condensed 

in a ool 1nq [lJbe t rEmove away rrom the reac~ion system. 

r: average molecular we1 

ycarbonaLe resin hus . - ' , ot)L2J .. nec1 v1as 61,000 es 

.~ T~~ resulted polymer were shown in Table 

l C'' "') > 

(C. 0 rnoJ_) ':">f 2, 2-·bis (4~ :-ox 
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46. ( 0. mo ) ,.--. ~-

\__/ L nyl cart)onate, 0.30g 6 rnrno J .. ) 

enoJ.c::tf'1ane (he.re~inaftc;r, "TPE 11
) anc1 1 µrnol 

·1m ~ rog0 carbo~at0 a ~atalyst, wherein ''l µmol 

( ' -r-­
_; J_ 

1 of 

" 

~aJ amou~ ~r B?A and TPS, were 

v1-J_t.h a st_-=_rrc~r ar;cl 

· -~ st rrina f r 3 minuLes. 

ree of pressure red11ct1c)n was 

transester fi.cation reaction was carried out for 40 minutes 

in<~ the r ·--, --- (_,_ ure as 

Then, the;' t:.entperc:-it.ure WiJS ra1'3ec1 t() 2;2 at a rate-; oi 

75 C/hr and tt:e temperature was ke as i~ is for 10 minutes . 

. C/ r a:-:d th,--

ess a.<J __ ncr n;;:J:c, ·-;1ncrer)y 1:iOq ::_,-:;~ an arcrn.j_r 

prepoiymer hav _g the we1 averaqe molecular w (Iv:Iv-1) of 

33,100 was obtained. 

IC [017] 

-~ q ,.--. f 
,,,l,L a omacLc polycarbonate prepo ymer Lnus 

o_btair1r~d v1as cha into a 300cc four-neck flask equi VJ.i .. l.h 

...:j st.i_r_--rer E:r.n(J ,:;1 clist.j __ 1ler ancl vJa h(~Eit(;d ancJ rnc:Ltc:cl under '-Iac:t1urn 

Subseque~tly, 0.9 ( 2 . 0 rnrr1c.) 1) o £ 

9, 9·-b_s[ 4-· ( -h yet.hcxy) :-1yl] fluc>rer:e ;1.J;:;:.s Eid.ciecl ther·r'Jr:, 

err) . 



Phenol distilled from the reaction system was condensed 

in 2 cooling t0be to remove away from the reaction system. The 

,Ci l_ycarhcnat._c; ct_) ta i_r1ed 62,000. I'he 

<Exarnr)le 3> 

rnc: y l_) propan12, 

-~-11:; (J .00 rnrno1) 

1.,l,_- r eno ethane and 1 µmcl o:f sodiurn 

carbonate as a cata1yst, wherein 11 1 µmo 

mole of the i nro a 30C)cc 

four-neck clask equ with a stirrer and a distiller and was 

heated at JBOJC in ar1 nitrogen atmos ere with stirring for () 

lOn 

was ra sed to on t~ at a rate or GO'C/hr ana the 

transesterification reaction was carried out for 40 minutes 

1 l;Ctl, the ra~ure was raised o 25 r aL a ra~e of 

rature v1a~~~' as i l is for 10 rninut.e.~3. 

rature was rai_sed Le 260UC at 2 

()_r J_ess takinq hour, whereby 40g of an aromatic polycarbonate 

oreocJ_yme_ havi g the weiqht averaqe molec~1lar wei 

JCJ u ;_ ··oJ.ycarbcnate prepr m0 



obtainecJ 111a.s charged into a four-neck f ask equipped with 

a sti.rrc~:r anci a di.stiller and v1a.:-:; 1"1eated and me1tecl uncle.:i:::- \1act1urn 

at '.?O 

SuJ:-scc1uer1t.Jy, l.2:Lq (:.2. rnrnc.1 ) of 

9,9-bis[ 4-(2-h roxyethoxy) luorene was added thereir1 

anci the rr1ix u.rc-: v1as sti rreci anc3 k:r1e;Jded for :30 rn,.i,1·1ucr::::s at. 2 jacke-

~ ~C under reduced pressure of .04 kPaA ( 
• \,I 

t rr) . 

Pher1ol dis illed from tie reacLion system was conaensea 

1 r a coolinq 1.ube to remove away rem the reaction system. 

t average molecular weJ of tY1i::::: ;-;rornat .ic 

polycarbonate resin thus obtained was 45,00 

of the resulted polymer were shown in Table 

1 en 14J 

( 0 . 1 6 rnc ~- ) 

.JK ITC)_l_) rl'/" 

nc> e o.i1c anct 

arl:Jonate, I"\ fl 
u. 1-1 L • 

urnc LI rno 1 of oc.ij \Jrn r·, 

mmol) 

n 

he:: 

carbonate as a catalyst, wherein '' 1 µmol l" rneans urno1 per 

rnol.;:_~:: C)f -::_-_he t_ot;3_J_ ;3rr1c)unt of BFt\ anc:i TPE, v1ere cna _Lnt() a 300cc 

w th a sc rrer and a distiller and was 

heated at 180 -c in an nitrogen atmosphere with stj_rrinq for 30 

rn_i_ nute.~>. 

SJbsequently, the f pressure reduct.j_on was 

2~; ad-'usteci to 20kPal\ (150 torr) anc:i sin:ultaneously the tern~)erc1t.ure 

raised t~ 20 °r at a :r ar_e 60 C/hi- ,::1ncl 

i·; :- VJ r /j 

inq the tesperature as ~. 



75 C/hr and the temperature was as it is for 10 minutes. 

~Gbsequently, the temperature was raised to 260°C at a 

ess aking 1 hour, wher CJ uf ar: arornc:-1\:.j(' poJ./Cr:JrlJC.)r1i::ite 

(Mw) of 

32,100 was obtained. 

r o:75J 

30g the aromatic polycarbonate prepolymer - us 

c)btained was char li_,0 d 'jJ _i 

J.er dn J '.di·1'.::> he:;a_t:c0d and rn(; c:u: 1Jncler ?ac: 

aT 29() C. 

nirno J_) of 

yethoxy) eny1J fluorene v;;_;:1:-::, ,3cJdecl therc--:::in, 

z1r1cl the: rni.zt11re was st.J.rrec.l -::Jnci kric::,J.ci0:'cl for]() n1iriut:.c',, at a jac:kei 

! c temperai-.u~-c; f under reduc·~d pressure ll kPaA. ( U. 3 

rr) . 

o-1 d_:Ls illed f om tl1e reaction ' ' syscem was co~aensea 

n a coo ng r 11}JE'· 

VJel average molecular wei (Mw) of the aromatic 

2 0 polycarbonate resin thus obtained was 65,000. The:: f)rc;pertie.:-3 

of the c~~ l cd polymer were shown ·~ Table 

(j 1 7 6J 

rar.:Lvc: lE~ l > 

il r; 
--:: ._) . (0.2C mo1) u: 2, -t>is(4-h er1yl) r>i·or>anc:, 

25 46 'j (C.22 rnol) of' diphenyl carbonate anci 1 prn()]./rno of sc>diurn 

caroJna~e as a cat.aiys 1" rnean ::; 

i1mol per molP f B?A, we~e ~~Ar 

:;:: ! ' rn-i 1Jt '(~ 



s t1y, the ree of pressure reduction was 

usteci t 1JkPE1P_ (150 torr) ,:,::i_n 1J sirn1J ta.neoi.JsJ.y ri 

ct nu c:/hr e:;;_nci he:: 

Then, the temperature was [() a rate f 

and the temperature was t as it is for 10 minutes. 

Sub:3ec1uent.1y, the erT:f)e1:·at.r:rE.:? v1as ra1s 1·~c3 !'"Ci 260''(~ at a 

.3kPa!\ ( tc:rr) 

or:· less Lak_i_nq 1_ hc)ur, '11l'1E:; an arcrn;:::i j:)UJ ycarbc)natE: 

prepolymer having the we1 t average molecu1ar weJ (Mw) of 

~~,~DC was obtained. 

r.· o 7 '7 

30g oJ Lhe a.comat c r)o ycart)onare f).CE':::j'.)O yrnE~:r th1Js 

n:t.;i:.ai n0:~c1 'vJdS char·qE::cl 1_nto a 3CJ()c·· fc)ur-neck t a.:_:;K cc~uJ '.;] .i. th 

St1tJ:.::cc:1uentJ.y, 1.00g /~. 3 rnrnol) 

9, 9-bi sf_ 4 - ( ::2 ·- 1":1 oxyethoxy) ylJ fluorene v;as adclc:d therein, 

') ("; , __ \_! and t:.he n1ixturi.:::: was stirred and Kneacied for 30 minute.:_; at a )z::icket 

temperature f 29 C under reduced pressure of 0.04 kPaA 

Phenol distilled from the reaction system was condensed 

:L_n a coolir1q t.ul:>c~-:; t.o rerno~Je av,;;.;:y f:con1 t.he reac1: . .i_(1n systern. ThE.? 

~ average mc1ecJ~ar wej (Mw) ~= the aromatic 

polycarbonate r sin thus ob~ained was 61, c. 

J c,:'1Jn dL' 

le 2> 



"/' 3 

(U. u mc~-1 or 2,2-t;ls(4-;; 

rnc:; ) ,), cl:L yl carbonate and ~ µmoi f SC)Ci_i -·,rn 

1~-, w~e~ein ''1 ··m-

()_' ; !< 

E;_'.C{U 1 with a ol ~rrer and a distiller and was heated at 180 

in an ni.troqen atmo ere with stirr nq for 3 rninu c::';;. 

S1JL;sc::c1uently, he ree of pressure reductj_on was 

ad-jusi:~c:u to 20kPaJ.\ ("l5 tOr."r) and '-c.jrri_i_J_t.aneously the t.€::rnr.::c:::r·a1 ure: 

was r~ised to LC.n c::t Ci rat.<-::."" CI 6 Clt~r and '.::he 

was carr j_(;ci out ror '-l rn.l_nut._c~s 

j_ng he temperature as it is. 

'Th(;n, the: ra ure was raised co 225 C a~ a rate of 

emperature was kept as it is for 10 minut s 

Subs0quent y, the rature was raised o 290 C at a 

_r ~ t' of 6 'C:/h r- lid !::.he:: jJLC;,;ssurE:' VJaS J.:"E:;c:Jucecl to I c; [ C) 

of ar()rna1· 1c: 

polycarbonat0 t1aving the wei t average molecu ar we1 

of 69,000 was obtained. The properties of the resulted poJymer 

< 

(0. 0 rno_j_ of 2,2-bis(4- ydrox 

. 2 l fft() ]._ ) ;nrno L ) 

µrnol oger1 

carbonate as a ~a a ys~ wherein '' µmo n mf-?i:'lfi.S pTi!C).1 L)('Y 

j-J 

in An ni~~1qen atmo 
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Subsequently, the f oressure reduction was 

was raised rn 200· d 0 ~a~e o o C/hr an 

transest.erifica~ion react on was carried ou for 40 rn.i.nt1LE·:::: 

nq t:he tempera ureas iI ·~ 

Then, the temperature was ra sed to 

75' C/hr anci the as it JS for 10 minutes 

Cl.\ 

1 u 3kPaF, (J. 1-c)rr) 

or 1ess t,:;ik.i.ng 1 hcu.r. Tf1e polyrneri.zation reac:t1on 'd2S cr::irric:·:d. 

nc;rs ~ total, whereby 3 of 

pc ycarbonate having che wei average molecular wei 

of 95,000 was obtained. The properties of the resulted nolymer 

0 l C3 01 

< 

. /:_ :ncl) C)f 2, -t;i.s (ll h f'iY ) f)I:C;f)dfle, 

44. (0.2.1 rnc1) cf d_i_pheny1 carbona.te, 0.49q (-I.58 mmo1) c>f 

20 l,J_,l-·tr.i lethane and 1 µmo] of sociium O\.JE0 n 

carbonate as a catalyst_, wherein ''J µmo~ l 11 rnc;a.ns 

rnole C>f the total arncnJnt c>f BP,L, and. TPE, v;ere cf'iargecl int a 300cc 

four nr::_:ck C.l.ask eqt1 wi~h a stirrer and a distiller and was 

heatEd at 180 C 1~ an nitrogen acmo ere wit}1 st lrririg fo1 

2~J rn.i.nutes. 

Subseque~tly, ~he of pressure reduction was 

~ransesterificat on reaction was ~arried ou~ fo~ 40 m~nu es 



,-)(\ 
/..U 

inq the temperature as ~s 

Then, the temperature was raised to 2 J C at a rate 0F 

Cl~~ and he temperature was 

:cat e of C:"J C/Y-::r ar;d the oress_1r-c-:: •11as 1_-c:::'.ciuced t 0. 'l3kPc:i."P, (] t.c>:::r) 

or: ess takirHJ 1 ho';r. 

out under stirring for 6 hours and 40 minutes in total, whe 

30c1 of geJ,31 inc\i;·:; c:iromtat.ic rJcJyc;::::..r:t:>or:at.e ha~J1nq L.he v1e-: 

c)\IC:;rage iflOJCC:U c'.:'i[ 11.Jeight (f'Ji\r.J) Of 25,000 was obt3ined. The 

r)rO~"Jer rc;sul teci f)OJ yrnE_' were shown in Table 

8 

Reference Examole l> 

An aromatic polycarbonate polymer was prod11ced 

interfac al polymerization using 125. q (0.55 mo } o b1 oJ 

1, ,_;_~trJ no . 

t the resulted oolyrner were shown in ·rable 

Le 2> 

An aromatic polycarbonate polymer was oroduced 

_J_J te:!:'.·facial. ~:10Lyrne:r_-izat_j_on usinc.; 

f\_' 70. (0.71 moI) sgene, .84g (2.7 rnrno.l) of 

1., l., ~tr no ethanE-: and 3. 4 (:2:2. 7 mmol) cf p-L-buty 

1·he resuired Lolymer were sh1wn ·r Table 

()183] 

<:P_eferer:cE': -1 c~ 3> 

7-'· , .,,-(';TY 

~-1/ 'vrr: ?r :.::.c<' r,(' 

7 'J rnc o,::;qrnc-:, U.i3 1~c1 (2.· rnrnol.) -:___;: 
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1,1-tri noletharn2 a.r;c:i 4 .38q (29.2 rn1nol) of p-t.-LJuty c::r~ol. 

The prooerties ~ th0 resulted 001ymer were shown in Table 

R< 0 (erence Examol0 4> 

An aromatic oolycarbonate ooJymer was ced 

(0.55 IT:()_l) c::f f:-; (:)fi()_l 

(0. 71 :ro1) ~.2 q (3.9 mmo ) o·f 

j ' ] ' enolE.~t.h;Jne an -J 3. ,4 (23. J nuno ) of i'.)--t_--l)ti y.J ol. 

The propErties of the re5ulted po ymer were shown in ·rab e 

'T'aJ::)_}_f? J_; 



Examrle 1 
BPA (•) 45.5 
DPC (•) 46.0 
Branchin2 A•ent (2) 0.15 

Production of Additive Rate of Branchin2 A•ent (mo1%) 0.25 
Prepolymer 

Sodium Hydrogen Carbonate 1 µ mol/mol 
(*) 

Molecular Weieht of Preoolvmer (Mw) 33200 

- Concentration of OH (nnm) 450 
Preoolvmer (g) 30.0 
Total Amount of Terminal Grouns (mol/ton) 280 
BPEF (g) 0.91 

(mmol) 2.1 
Linking and Amount of BPEF Added Per Mole of Total 
Highly Amount of Terminal Groups of Prepolymer 0.25 
Polyn1erizing (moil 
Reaction 

Molecular Weight of Polycarbonate Obtained 
61000 

L (Mw) 

YI-value 1.2 
N-value 1.26 

*l Mole number per mole of the total amount of BPA and the branching agent 
BP A: 2,2-bis( 4-hydroxyphenyl)propane 
DPC: Diphenyl arbonate 
Branching Agent: 1, U ·-tris(4-hydroxyphenyl)ethane 
BPEF: 9.9-bis[ 4-(2-hydroxyethoxy )phenyl]ftuorene 

Table I 
Examcle 2 

45.5 
46.0 
0.30 
048 

1 µ mol/mol 
(*) 

33100 
460 

30.0 
270 

0.90 
2.0 

0.25 

62000 

1.2 
1.58 

Examr le 3 Examrle 4 
45.6 35.9 
50.1 36.8 
0.31 0.42 
0.50 0.87 

1 µ mol/mol 1 11 mol/mol 
(*) (*) 

27000 32100 
250 270 

30.0 30.0 
370 330 
1.21 1.09 
2.8 2.5 

0.25 0.25 

45000 65000 

1.1 1.2 
1.49 1.64 

()omnarative Ex. 1 
45.6 
46.1 -

-

0.00 
1 µ mol/mol 

(*) 
31300 

160 ·- 300 
300 -
1.00 
2.3 

0.25 

61000 

1.0 
113 

---J 
~-J 



[ 18 61 



Table 2 ·-·. -

Comoarative Ex. 2 Comparative Ex. 3 
BPA (g) 45.6 45.6 
DPC (g) 44.5 44.4 
Branchiniz Agent (iz) - 0.33 
Additive Rate of Branching Agent (mo1%) 0.00 0.54 

Sodium Hydrogen Carbonate (*) 
1 µ mol/mol 1 µ mol/mol 

(*1) (*1) 

Total Time of Reaction 420 min 480 min 

Molecular Weight of Polycarbonate Obtained 
69000 

>95000 
(Mw) (*2) 

YI-value 2.01 2.15 
N··value 1.60 1.75 
*1) Mole number per mole of the total amount of BPA and the branching agent 

*2) Insoluble in part in chloroform which is a solvent of GPC 
*3) Insoluble in chloroform which is a solvent of GPC and gelled 
BPA: 2,2-bis( 4-hydroxyphenyl)propane 
DPC: Diphenyl arbonate 
Brnnching Agent: 1, 1, 1-tris(4-hydroxyphenyl)ethane 

Comparative Ex. 4 
45.6 
44.3 
0.49 
0.79 

1 µ mol/mol 
(*1) 

400 min 

>125000 
(*3) 

2.35 
2.30 --J 

'.D 
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Reference Ex. 1 
BPA (g) 125.0 
Phos1rnne (g) 70.5 
Branching Agent (g) 0.50 
Additive Rate of Branching Agent (mol%) 0.30 
PTBT (g) 4.15 
Molecular Weight of Polycarbonate Obtained 

60000 (Mw) 
YI-value 0.80 
N--value 1.35 
BP A: 2,2-bis( 4-hydroxyphenyl)propane 
Branching Agent: 1, 1, 1-tris( 4-hydroxyphenyl)ethane 
PTBT: p-t-butylphenol 

Table 3 
Reference Ex. 2 

125.0 
70.5 
0.84 
0.50 
3.4 

74000 

0.80 
1.46 

Reference Ex. 3 
125.0 
70.5 
0.84 
0.50 
4.38 

52000 

0.80 
1.53 

Reference Ex. 4 
125.0 
70.5 
1.20 
0.71 
3.46 

74000 

0.80 
1.63 

(X) 

1---' 



1: 0188] 

Flo. shows a relationshJp between the amount or the 

d.ncl >J-'1aJ_ 'Jc: 

'J (~mparative Examp es -4 r.1nc-1 Reference -4 

As shown in Fig.I, N-value was ncreased in propcrtion 

he increase of the additive rate of TPE in 

in the at.1ove-rne:r11·: or:(::c:l matt1ernaL i.c:c.::i. for·rnu a (IJ 

the branching aqen~ used (A) was determined 

curve and segment of the additive rate of the branchj.ng agent 

(TPE) and N-value shown 1n fj.q.l in consideration f c-lE;''.J .i. at ion 

o.f rrH~:asured values. 

was approximateJy 1 

Ir: the case f bran(:hed aromatic polycarbonale resj.r1s 

J.n::-_e·~-ff-1C.i.a·i }JC)·; y:-nc0 r.i.zc:i1 c;n, 

d.J n1ost si;nilar ~~.C> the; <::a :;c; o.i les 1 --~ 

n the case of es 2 4 wherej.n meJ.t 

'.'20 pol.';n1erizat.ion v.;as carr: iec:1 C)UT.~ in the sarne rnann(.:;:r as ;_n Exarnplc~s 

ex:ept for us~ng no a1i Lie ci.i_ c , since there is no 

lir ear relationsh between the additive rate of the branching 

anc1 N-~121 ;__:ie, ci-1_ffi.c.d.lt tG 

~ n• 
·;, _:_ '--- 2" ,, 

Si-'1. re 

r,·~,--ce:'.Ll·S, >Jhich 

us 

\i i ,., 
' 

n 

:·::ch _LC~\Teci 



. I\ 

·~ 

2 () 

by conventional mel oolymer zation. 

! ()189] 

. Gq rox 

cLi y c,::_:ir}Jonat~(;, 0 .15g of 

a,a,a'-tri_s(4-h rox yl)-1-eth -4-isopropylbenzene as a 

branching agent and 2 µmol of disodiurrl yl 

(PhI\Ji.3- PC),) 'vJc:rc; charged into ;3 300cc fc1ur nel.'::-k f]ask E::c:ru·J 

El. .s _ir.rc:.:r iJr1ci <J d ;:-:,t_j_J1t~;:r.- aricl v;,3s heatecl at BO"C: _i_n an n rc)qc;n 

a trno ere wittl stir J_nq for 30 minutes . 

ree of pressure r(:;duct : on i.rJ<:J.s 

oo·c al d ratP of 60 C/hr and the 

transesrer J: catlon reac~1on was carried ouL ror 40 m_i.nutes 

s. 

s) .. enoer~ urE~ was raJsed a a. c: 

·c/hr ana the temoeratt·re was as -t. l s f C) r 1Tl L n 1J 

emperature was ra1sea 

rate c)f 6:·:) C~/hr anci, the pressure 'vvas red_1J:ced t.c 0.} 3kPaP, (1 tc;ri") 

or less takinq l hour, wne 40g of an aromatic polyc3rbona e 

prepo~ymer havir1g t ~ weJ L average mo ecular weiqh (IvJv1) Ci 

30, DOG 

1 CJ 

3CJq -)f 

ob~ained was cha nto a 300cc four-neck flask eaui VI j_ ::_ h 

as rrf.:r anci a c:::1st i 11E:::r i:3nci 1tJas her-3.tE?ci and rrlel t.ecl ncie:r '1ac:"t.Jurn 

:3. on 

;r .'')C CTI]('"'' 1 / r 

Si (2 h ruxyc:; hcxy) EC)) ;_3. ci cl. e: r1 
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~here n, and the mixture was stirred and kneaded for 30 minutes 

t:.c~0 rncerat 1_1re 290°C under reduced pressure () . () ,:~ 

r: r) . 

ed rom the rea:tion system was -·nndensea 

a c:c>c' i nq t::ulJE~ t emove away from the reaction system. The 

VJE?.i ~l'-J(?:raqc7 rr10J_c_~ct11a_r '1Jei t (1'/fv.1) of the arornat '('' 

polycarbonate resin thus obtained was 58,000. 

of the resul ed polymer were shown in TabJ.e 4. 

()_]_ 91] 

The exoerimen s were carried out in the same rna ner as 

in Exarnpl_c~ '.:~ e::;xc:::er)t for chE1n.qing the arnount: of t_~he lJranch Lnq a(]'f?n1.: 

1Jsed and the amour!t of aJ_j a~ic dio1 compound used as shown 1n 

Tal):LC:' /_]. he results were shown in Table 4. 

ThP experiment was ~arried out in the same mann r as 1r1 

1 c: for usj __ nq nc:J branc.1"1.ing agents, anci an arc_)rr1c:1t 1 ,-, 

polycarbonate prepo1ymer having the wei t average molecuJ_ar 

3()q Ot t_hE? d.CC)Tlldt_ C f)C_i __ ycarfJOll2te pref)01yrner i_hu.S 

cbtai_nc:ci v-1as c:h1'J. l_nt:-<J a 300cc four-neck fl,::;.sk equi with 

ci ::::icirrt:.·-::J. L1r1c::i a. ci:is _]_1er ancl 'tJElS hea--c.ed and ineltt::?cl ur1ciE::: '1ac~.i1..Jrn 

,~ ~ne same manner as ~ 

2, 2 r -bis[ CCX hcxy) n·'/ ! pr:,;r)a.ne (RPl-" 2E()) v-1('·-:s ,:-:1ciclc:ci 

>' J JJ c) 

Y."L) • 



PhenoJ distilled from ~he reaction system was condensed 

n ~coo i~g tube ~o remove away from the reaction system. t'~ 

··:.'·'31n t:Ll·c~ C;t:>1.~i:li:1ec:l \tJEi.S ::9, CJUU 

of t~e resulted oo ymer were shown in Table 4. 



Table 4 -· Example 5 
BPA (g) 42.0 
DPC (g) 43.0 
Branching Agent (g) 0.15 

Production of Additive Rate of Branching Agent (mol%) 0.19 
Prepo!yrner Disodium Phenylphosphate (PhNa2P04) 

2 µ mol/mol 
(*) 

Molecular Weight of Prenolvmer (Mw) 30000 
Concentration of OH (nnm) 180 
Preoolvmer (g) 30.0 
Total Amount of Terminal Grouos (mol/ton) 200 
BPA·-2EO (g) 0.47 

(mmol) 1.5 
Linking and Amount of BPA-2EO Added Per Mole of Total 
Highly Amount of Terminal Groups of Prepolymer 0.25 
Polymerizing (mol) 
Reaction 

Molecular Weight of Polycarbonate Obtained 
(Mw) 58000 

YI-value 1.0 
N-value 1.27 

*) Mole number per mole of the total amount of SPA and the branching agent 
BPA: 2,2-bis(4-hydroxyphenyl)propane 
DPC Diphenyl arbonate 
Branching Agent: Cl, Cl, Cl '-tris(4-hydroxyphenyl)-1-ethyl-4-isopropylbenzene 
BP A-2E 0: 2,2' -bis [ (2-hydroxyethoxy )phenyl] propane 

Example 6 Example 7 
42.0 42.0 
43.0 43.0 
0.30 0.60 
0.38 0.76 

2 µ mol/mol 2 µ mol/mol 
(*) (*) 

28000 31000 
190 200 

30.0 30.0 
200 200 

0.47 0.46 
1.5 1.5 

0.25 0.25 

60000 59000 

1.1 1.2 
1.43 1.59 

Comparative Ex. 5 
42.0 
43.0 

-

0.00 
2 µ mol/mol 

(*) 

30000 
200 

30.0 
190 

0.46 
14 

0.25 

59000 

u 
118 

en 

'" 
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sh)WS a relationshin between the amount of 

rnc 1 and hP aoovc-ment oned Examp1eP ~-7 and 

As a reference, the results 

rative Examples t-4 using the conventiona met 

po1yrnccrizc:.1tic;n and F\e:ference E:xarnples 1-4 usi.ncj i1,t.ertaci1-;i:L 

polymerjzat101·1 were also shown there n toqether. 

As shown in Pig. , N-va ue was increased in prooort1or1 

ExarnpJ.c:c:; :)-"} 

V ar-id_ I< in. t.l1E::'. r_::1f>C'Je-rn(-n ioned rnathr.=;n1at.ical forn1u1;;';. (.I J J 

'~ ~1Jrve ana seqmEnt of che addi~~ve rate of ne ~ran2t11 q 0q nr 

K 
-, / 

y u.o a.n :J 

was approximately 

Jn the case of branched aromatic polycarbonate resins 

2C interfacial J:JCLl ymeriza~~--: ,,,,, 

the relation between N-va ue and che addi~ive rate ot ~he 

branch1~q aqent was almost s milar to the case of 

45.0g of 2,2-bis(4-h ox yl)pro~cane, 46. 

y_L ,--,::'1rl:">c,n,:::JT(:, CJ. U8cJ of t.rirne::=,hylo 

iJ ' / ("j 

.j_:. 0 cc: '1.J.Jth 
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.L -~, 

stirring for 30 minutes. 

of pressure reduction was 

was raised ~o 200·~ at a rate of f C /hr an cl t .. he 

transes::erifica ion reaccion was carried nut for 40 minotes 

ng the rature as it is. 

Then, the temperature was raised to 225 C at a rate 0f 

rature was keot as ~· is for 

260 c: at ,::: 

or less taking of an aromatic polycarbonate 

prepo ymer having the wei t average molecular wei (Mw) of 

30,000 was obtained. 

l 0196] 

30c-r arc_1rria tic polycarbonate prepolymer thus 

obtaiCiCC:i 

a st-i.rrer ano_ a clis::il_ler and '11as heat::ecl anci rnc-;lt::eci ·:1ncier 'Jac:u.Jrr1 

:2 90 {--, 

Subsequently, 0.1 (1.3mmo1) ()f 

2C 1, 4-cyclohexanedimet.har1ol (CHDM) 'Has added t·.herein, and the 

mixture was s irred and kneaded for 30 minutes aL a ~acket 

temoerature of 290~C under reduced pressure of 0.04 kPaA (0.3 

torr). 

Pherioi distilled from the reaction system was condensed 

25 ,~a coo~ing tube to remove away from the reac::ion system 

weight average moiecu ar weJ 

CT'\\,-, 

-d sc~vmer were shew~ -r 

n10 ,_,--'-- _,/ 
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<Exarnp1es 9-lC> 

The experimencs w~re carried ou~ i the same manner as 

,e arnou c onn:J c::~ u. ci :J st: ci ::;hc:;v,;r1 1n 

The results wer2 srowr1 in Table 

i G i. 9 

rat:._j_ '-Ie 1e 6> 

The experimR twas c~arried out in the same manner as in 

le:: 13 exce~1t. fo:c u,'::>1nq o L,;r·ancl-1ing agent.s, ;Jncl r-'ln :::irc:>rnc.::i ic 

rolycarbonate prepolymer having the we1 averaqe molecular 

l.tJE: t of 31,000 was obtained. 

of th.0; aromatic: polycarbonate 

of)!_ ained \r-Jas cha i nt.o a_ 300cc four-neck fla,'3k ecru with 

a t:.irr:E:;r c1nd a c:i_i __ sr:iller ancl 'tJEiS heatt:.-::d ancl meltec:.i 1.inclc;r '.JdC~uurn 

a' 90 C in 1ne same manner as in Example 8. 

c; ul:::-s ec.1t1c0 n_ t l Y, Oc..; (J.4 rnrnc:-,c1 of 

, 
1~--cyc1ohexan0;id.i.rnE~tl"-1,:-3.r:o_l_ 11.Ja:_:; a.dclc:-cl tht:::rein_, anci t}; rn:i_xt.1..;rc: v-.1as 

stirred and kneaded fo1· 30 minu es at a jacket r,.J.;::_ur1::.? 

290°C under reduced pressure of 0.04 kPaA (0.3 terr). 

Pheno~ dist· led from the reaction system was condensed 

1n d (~-,c~-~nq t.ut;e to 2::·1::;;rn<:JVC' d'NdV L::-0111 che react 1on syst.0'.'m. 

averaqe molecular wei (Mw) of the aromatir 

po yc}rbonate resin tbus obt2 ned was 58,000. 

Gf the resGlted polymE we~0 snown in Table .1. 



Table 5 

f- Example 8 
SPA (g) 45.0 
DPC (g) 46.5 
Branching Agent (g) 0.08 

Production of Additive Rate of Branching Agent (mol%) 0.30 

Prepolymer Cesium Carbonate (Cs2C03 ) 
0.5 µ mol/mol 

(*) 

Molecular Weight of Preoolvmer (Mw) 32000 
Concentration of OH (nnm) 70 
Prepolvmer (g) 30.0 
Total Amount of Terminal Groups (mol/ton) 180 
CHDM (g) 0.19 

(mmol) 1.3 
Linking and Amount of CHDM Added Per Mole of Total 
Highly Amount of Terminal Groups of Prepolymer 0.25 
Polyrnerizing (mol) 
Reaction 

Molecular Weight of Polycarbonate Obtained 
57000 (Mw) 

YI-value 11 
N-value 1.30 

*) Mole number per mole of the total amount of SPA and the branching agent 
BPA: 2,2-bis( 4-hydroxyphenyl)propane 
DPC: Diphenyl arbonate 
Branching Agent: trimethylolpropane 
CHDM: 1,4·-cyclohexanedimethanol 

Example 9 Example 10 Comoarative Ex. 6 
45.0 45.0 45.0 
46.5 46.5 46.5 
0.15 0.20 -
0.56 0.75 0.00 

0.5 µ mol/mol 0.5 µ mol/mol 0.5 µ mol/mol 
(*) (*) (*) 

31000 32000 31000 
80 90 60 

30.0 30.0 30.0 
180 180 180 

0.20 0.20 0.20 
1.4 1.4 1.4 

0.25 0.25 0.25 
'--'--' 

59000 60000 58000 

1.2 1.2 11 
1.52 171 1.18 
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Fig. 3 shov;s c.1 relr.:1tionsh f) l:)etween c],z=; arnount 

an cl ompara~ive Exampl0 o 

4 11sing the conventionaJ meJ.t 

polymerizarion and Ref~rence Examples 1-4 using interfacial 

polymer1zar1on were also shown therein t her. 

As shown in Fiq.3, N-va ue was increased in proportion 

t~e increase of the addit ·vE~ ra e 01 the c anch ng agent 'n 

}C:S 8- CJ. 

K and_ in th_f'?: a:t:>ovc~-rnenLj_oned rnatt1ernat i_ca_l_ formula (II) 

, ' . r).:::·a_r:cn:_;_nq IA) 'J-JZ3S deterrninE?ci 

curve 0nd segmen~ ~~L the ~dditive rate of the branching agerL 

and N-vaiue shown ,, 1.q. rorsideration of f'.i c: v l /-} /')fl 

K· was approximate y 

b an~h~d aromatic po ycarbonate resins 

interfacial polymerization, 

the relation between N-v3J_ue and the additive rate of the 

}:-;cancr11ncJ ciq1-=:.~t1t ':JCJS a_j_rnost s:i.1T1i.lar to the case ct Exc-1rnr::) es 8-10 

0201] 

(-Y '"· 1-. \ ,-' -~ 

E:n~/l carbonate, O.J.Uq of ,1,l-tris(4-h 

(TPA) 0S a ora1·ch1nq aqen 

··' -,_ 
--~------·'­

' 

K ,--;,_,,1_, i 1;.J i 
,, 

;·1 (') 1 " 
(' 1 ·c roqc~n \J. t_rno 

' ,-:o 

ano µmol/mo of soa11Jm 

n ·-:ck 

. n ' ::J .] ' e r ;:± n j 1,; (j :::; (1 c:i (·::? ' j ,:1 t ('l ' Cl ' .. 

rt.:.-:; vJit.h s-::=.irr.-Ln-:;; for ~n rnj_n\.11- (~S. 



the ree of pressure reduction was 

acl·j·ust.c~d to OkPaJ-'",_ (1~:·)0 torr) anct sirn11lr-.:.aneousJ_y t:he ernr)erat,JrE-:~ 

trarsestcrif1 <l ;~n reaction was carried 01Jt 

keiC.'._'.J=,ir:cJ th1:::.-:; t.<-::.7rnr)erdture as j 1::;;. 

Then, the temperature was raised to 25 r Ol a rate or 

7S'C/hr and the temperature was as ·-,- is f 

SLibsequently, the t~mperature was ra.1.sc:cl 

C/hr anci, !::.he :r,;rc:s:_:;;urc::- '-f>la_s ·re-=luced t,; C. 

(J r J.ess taki_nq 1~ q of an arornC:it pol ycart)C)n-::i.t 

prepolymer havinq the weiqht av2raqe molecular weJ (1'1vJ) <'.'If 

28,000 was obtained. 

() 2 0 

j g 01~ the aromatic poJ.ycarbonate prepoJ_yrner thus 

obtained was char 

rne _;_ t en_ ~:t ncie r \J a c:u 1_.1rn 

a 2 90 

S1Jt>sec:1ui::;nt Ly, 0. 3Uq ( 1. :) rnrnc .. : .. ) of cic'?cc-:i i nciirnet.hanc)1 

(I:.JDivJ) v;as acidE::ci t:.l·1erein, anci t_~hE:~ m xrt1re was st·,i_rrecl anci kneaciE:~:c-1 

;::.1ressure c.f U. 4 kPaJ\ (C:J.:3 c:;rr) 

PhenoJ di_stil1ed from the reaction system was condensed 

n a coo1ing tube to remove away from the reaction system. Th0 

v1e·i t_ .3ve:rr::i_q(:; rnoJ.c~cu1ar 'v·1ei_qht (f·Jj1;.J) (Jf t:he :1_con1ar_J 

polycarbonate res n thus obtained was 59,000. The properties 

o the r·esulted polymer wer shown -~Table 6. 
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j_ n E:xa e 11 except for changing the amount of the branching 

atic c.iiol 

The resuli~s wprp howr1 in Table 6 

rati'Jf; _LC:' ')> 

The experiment was carried out in the same manner as in 

Exanlf)_l_e 11 e:>ecept. for ·.ising no f)ranchi_ng agc~nts, and an arc)matJ_c 

polycarbonate prepolymer havl_ng the wei c averaqe molecu a 

(IvJ:"1) of 

30q of ~ne aroma oolvcarbona~e prepo yme Lhus 

c')bT~ "J i.nc:cl '!las cha into~ 30 cc four-neck ~~ask equi 

Cl. ( n the same manner as J_ e J __ L • 

of deca:indj_meLhan 

pr SS rP of 0.04 kE~A 
/"\ 
'}. 

a_ ure 90 

illed tram tr1e reaction sys 

rc~clt1c' 'Ci 

. . em was conaensea 

J.n a cooling tube to remove away from the react on svstem. The 

wei t averaqe mo1ecu1ar we1 (Mw) or the aromatic 

polycarbonate resin nus obtained was~,, u. J.·ne r:;J::()<.1.:::':rt: es 

f the resulted polyme1 were shown in Table 6. 



Table 6 '' 

f-· Examole 11 
BPA (2) 41.5 
DPC (g) 43.0 
Branchine Aeent (.) 0.10 

Production of Additive Rate of Branchine Aeent (mol%) 0.18 
Prepolymer 

Sodium T etraphenylborate (Ph4BNa) 1 µ rno!/mol 
(*) 

Molecular Weieht of Prenolvmer (Mw) 28000 
Concentration of OH (nnm) 210 
Preoolvmer (a:) 30.0 
Total Amount of Terminal Grouos (mol/ton) 200 
DDM (g) 0.30 

(mmol) 1.5 

Linking and Amount of DOM Added Per Mole of Total 

Highly Polymerizing Amount of T ermina! Groups of Prepolymer 0.25 

Reaction (mol) 

Molecular Weight of Polycarbonate Obtained 
59000 (Mw) 

YI-value 1.2 
N-value 1.30 

*) Mole number per mole of the total amount of SPA and the branching agent 
BPA: 2,2·bis(4-hydroxyphenyl)propane 
DPC: Diphenyl arbonate 
Branching Agent: 1, 1, 1-trJs(4-hydroxyphenyJ)ethane 
ODM: deca!indimethano! 

Example 12 Example 13 
415 41.5 
43.0 43.0 
0.20 0.40 
0.36 0.71 

1 µ mol/mol 1 µ mol/mol 
(*) (*) 

27000 29000 
220 230 

30.0 30.0 
200 200 

0.30 0.30 
1.5 1.5 

0.25 0.25 

60000 58000 

12 1.1 
1.45 1.60 

Comparative Ex. 7 
415 
43.0 

'' 

0.00 
l µ n-10!/mol 

(*) 

28000 
220 

30.0 
200 

0.30 
15 

0.25 

57000 

1.1 
119 

\._(") 

,j~ 
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0 2 () 6] 

F_Lq.'~ shovJ be~ween the amoun 

anci As 2 reference, ~he ~esu] 

poLymerizatJ_on and Reference les 1-4 ·Js1ng interfacia 

po1ymerizat1on were also shown therein together. 

As shown in F g.4, N-value was increased in proport c)n 

f Ll f:: acicij_t_ive rate of the L)ra chinq aqenl : n 

'3 . 

1< ancl i_n t:..he ;3_lJo\re-rr1entionE.?c:l rnat.hematJ_ca1 forrr,c1a (TI) 

repr sent inq the reJationship between N-valt:e a1 d the amount -~ 

t hr: L>ri:-lnc hj_ nq aqent :i::-;ed (J\) VJt::1s cie e:rminc:cl 

curve and segmer1T: or Lhe additive rate of the bran2ninq agen 

Fi. CJ. 4 

s c b. :-:-; (?' 

I< v.1 
. . . a.r)P c>xJ_rnc.:i.:_~_(-?J y 

L>ranchec.i arorna1~ 
. . c pc_;_Lycar_t)(Jnat.e 

ol)tained_ -1.n Referc::nce es J. -4 interfacial polymerization, 

20 ~he relation betwEen N-value and the additive rate of the 

lJranch:Ln.c; ::1qent_ 111aE.; a rnost. s1rni _ _:_a_r L<") t:_hc; case cf Lt::-: 3 _1 J_ 

Industrial Applicability 

c 2 0 71 

25 According to ~he process of the present 
. . 
Ln'1ent.1ori, 

brarched niqh-molEr:ular-wei t aromat.ic poJycarbonatP resin 

-('. __ , +- ,.----
,__ C-'.L~ L'-'_;~~ c) 

Jc (; L ,_,. ) 

cn:::..L l:Jra!";C:l:ing age'.1t: ~Jr:clE~'r rnoclerEr.t:_c~ con ·ii_t 
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and short processing time. 

-mo (?:Cu ar-v,;ei aromatJc 

(')VJ 

'_) cont_rc.Jl1ec:l v;it.hin an a;;:pror)ri_at:.e ra.ngt-._-=;, and_ t:.herc:f re, l r 

especially suitable for the use for arge-volume ho] low-molded 

ar ic.li;:::s, arge-scale extrusion molded artic es, bJ.ow-molded 



C L A I M S 

1. A process fo1 manufactur nq a crarched aramat 

polycarbonate resin having ciE:~s i reel f branct!Lng which 

COff1prisE:?S a process 'dt:E;r(:::·:.n an aromatic polycarboriate ~>_r(_:_::f)(Jlyrne:::r 

having a branchecl strt::cture introciucz.:::cl by usinc.:1 a precle:t:~errninec:l 

amount of a branching agent is subjected to linking and 

hi ly-polymerizinq reaction under reduced oressure with an 

a J i atic dio compound having ali tic r-·, oct1 rlJon qrc>U}J.3 

J_O bonding to terminal OH groups. 

The process fuJ man0faccu~ nq a branched aromat :r 

poJycarbonate res n according cc claim 1, where n ~he ree "L' 

branching of said branched aroma ic oo ycarbonate req1n is 

orancninq aaen~ used 

of branchinq which JS a structural v sccsity inaex, '1 N-value 11
, 

ref)resented by the fc<l1owinq mat.hernat.ical forrnu.1.a (T): 

2 () 

N-value=(log(Ql60)-log(Q1 ) )/(loq160- og 0) ... (Ti 

wherein ''0160 11 represents a me t ng fluid volume pe1· t1r1 

(m /sec) measured under tl1e cond1~1ons oi 280nC and 16 l cad_ 

measured under the conditions f BO'c: ancl 10 J. oaci. 

,{ /" 

L {.i 

poJ.yc~rbonate resin accocding to claim 2, wherejn said 



)('; 
'- \_) 

1 [_) 

2 C) 

correlation between the amount of the branchj.ng agent tised 

rc:e of brancf'1inq (t\J~\/aluc.::) satisf (:::;s t_l":1<-::: fc> lc.)vJj_ng 

f c rrrllJ c1 (I I ) 

KA + K ( ' 

where n K represents a constan1· 0mber from o.· to 1.0 and K 

reoresen~s a co~starL number from . 1 ::.o l. . 4 

The process for manufactl1rinq a branched aromatic 

f)O_l ycart)c;na. (~:-: rr:.'31 r1 accorclinq E-1ny C'<nc--: of cl_a-'l_rns 1 ·Lo 3, v1ht~;r(::: "11 

.'~:::,a.i ci arno1Jnt ~~ 1 the: 
-, . ' tJrancn1r1c1 ac1c:n1 (l':.) tc; 1. TT!C.) 

based upon the total amount (tot1l mole number) of carbonate 

cons itutlng units of said aromatic polycarbonate prepolym~r 

5. The process for manutacturinq a branched aromatic 

f.)olycarlJonatc:; res.in c.1ccorc.lir1q t<:) ,::.lny one:: cJf: -,1 ~31 n1s t:_c) 1~, 'tJl-c;re_i_n 

a _i cl t:. () 

6 The process for manufacturing a branched aromatic 

ycarbc)nate res.1 r1 accordinq to any one of c1airns 1 t.c) 5, v1f'1c::re.l.n 

said al aLjc dial compound is reoresented the follC)"1Jinc; 

c3enE.:;ra_l fcrrnulcJ (I) ; 

whereir ''Q'' represents a h arbon qroup havinq ~t east 3 

carbon atoms which may contain atoms of a different kind; R R: 

f'ji 

a'v'inc; -~~(: cart:>cn ~·3.t.<JlT\S anci C)Cart:C:)f'j qrc UD h.a~1iClCJ 



1-30 carbon a~oms, 'FJ l th the proviso that at least one and 

t:.J .. y S(':'.}E_':CtE::d 

ct 

r o I () ~ l 0 , c; r 11 
,..., 

11 an cl 11 rn 11 c: a cf; :L 

r1c:: case t:.ha t H ('',!I 
\) does not contain ctLJ 

ocarbon groups bonding ~ termj_na] OH qroups. 

1. ·rhe process fcJr manufacturing a brar1ched aromatic 

10 polycarbonate resin iJccordinq to any one cf claims I t.o 6, wherein 

saici a-1.J tic dial compound has a boiling pain of 240 "c: c;r 

8. 1·ne process for rnanufacturirig a branched aromatic 

f'_!01yr art:ionate rc::sin a rdinq t any <Jne of c1a.i.rns 1 tc; 7, v.;f1F:::rc~ 

the con~entration t. (:; rrni n a J 
. . . 

sa1C1 arc)rna1 ___ 1_<; 

9. The process for manufacturing a branched ~romatic 

ycarl::;cJnate resin ,:3ccordinq t.c> an:y one of cJa._1_rns 

the weight average moiecu~ar weight (Mw) Oj- saia branched 

a.ron1atic f)Olycarbonat.e res.ir1 is higher by~;, 000 OJ" rno.ce than the 

weight average molecu ar wei t (Mw) of said aromatic 

po1y(arbonate prepo ymer. 

~u. The process r r manufactur ng a branched aroma~j 

saicl aJ t.ic cij oJ C.'.O:nr:>cuncl j ,-, :1sc:: .. n 1 n ;::in .Jrnc11,nt if (> 
!""\ ., 
) J_ C! 

IT:Ci_F' r)c::r rnc.l(~ of tfl('~ i:.ot.;3]_ arnount r·!f the t.E:rrn.lnElj <]~oupE.o of «3a.ict 



aromati~ polycarbonate prepolymer. 

]_. manufac1 t1rinq a branched aro~2 

)::JCJ1ycrJrlJonat:e rc::~.'3 q ,3ccorci_i __ nc1 to any ant.? c>f c c:~i_rnE3 ·co CJ, \1.Jh :r(;in 

said I.inking and hj ly-polymerizing reaction is carried oui at 

a temperature f 240°C-320 C under reduced oressure. 

). The process for n1anufacturing a branched aromatic: 

F'.lOJ ycart)onat:.E:? re:;:! r1 c·iccorclinc:J to any one of cl_a~Ln1:_:3 LC) 11, \tjhf:;re:J.n 

sajd lJ.nkjng and hi J_y-polymerizing reaction is carried ur1der 

reduced pressure of 13 kPa (100 torr) to 0.01 kPa (0.01 1-orr). 

13. The process for manufacturing a branched aromatic 

f>CJ yc,:--:trL)cJr1ate resin accc)rd.i.ng to any c.;ne of cla_i.rns to 12, whc::r·c;L, 

1 '-~ average mo ecu ar wei (l'fJ·v1) c;f saicl ;;;ro1TrC': }(: 

F.JCJ vcarl.J() c:t t~O 60,()()CJ. 

4 A branched aromatic polycarbonate resin which is 

rnanu f actured the orocess according to any one of claims 

l~ The branched aromat c polycarbonate res n according o 

c1a1m iq, wherein the wej t average molecular wei (Mw) 

t·_herc:c)T. s 3 ,0 0 t.o 100,00 

25 


