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Aze] Aol destdch EEtrulol s
roxy 83H2 3 carbonic acid A (carbonate esters) &
v Al A Aol Felol|AE ] g FHEA 1At F
#(main backbone)ol] F}E U0 E([-0-CO-0-]) 447
ki, wlebd FeFhEdlo]Es ok Fi el
polyhydroxy 31gH&& o83l Azd 4 glom 19
Hag ge o7 wush 5ol 3o gl wh ek’
e Ao s 948 B4 ZvtEdlo)E FAe
4, 4-dihydroxy-diphenyl-2, 2-propane(bisphenol A) & 7]
poz ot Aoz o 37 Yue FHAoE Hold
van aglm 4% A5 b 58 2 sle A3 A
9l GrtaA AUy Felagow dEA ok AlA
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& A o 2 gadA 1A g 19919 dA F
g7l UlolES] A & FFL 209 H5e ol2n
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Hgke 69 i2-rz Aol 1995\l 99 dhtol o
2 Qo o4sn gok?

Bisphenol AE 7|¥.0 2 sh= ZelslulolEe] 42

polyhyd-
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Z%t23H condensation polymerization) o] 2]&ted o] o]
2]} g-98=3}(solution polycondensation), #AHZE(in-
terfacial polycondensation) “12]1l 8-§%%H(melt tran-
sesterification) & A F72 AFx FHo] L&A 3l 9]
EE AUEE 34o] dAze 71 9 o)8E1 Uk
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o2 ol8¥A) gm o $§5% TS TR we
olEE-g 2 Ax FF EH(E3] 2AP 9 Ev|E
Azx3}717t olftke v o) gel o] 8HA gkx ¢l
o}, Z2e} YE9| Mitsubishi Gas Chemicaltl= Q3 &)
A o] £83% TE ol8aln Jn deiA A’
v 9] Dow ChemicalAh= A Aol & S5 £-85%
FAE L] A3t ATE DAY T Aok GwA
Slth. 19891 ul=9] General ElectricAl= cyclic oligo-
meric carbonate & o]&8h= vj$ ZE3 23 3L 2
H3l ZEFtRdlolE P4 Az N2 7Y A
ok ety FejFtRuolEx drkaA Aoy &2
289] A% 24 tf £33 28] S/ Jage
E8olx B} §igh A7} o] FojF Aojt, B =i
Ae dddez Mg gy olfHE AUy TS @
Ao A 2 AR Held gog ANFTH FH3
Bl B F de 2843 ¥4 28n H2d uHd
cyclic oligo carbonates ©]& FRE F4lo.2 3t Xy
FIEWO|ES sk FRNEE TR &3 7|ed 14
HAE HI9 A7 THl st HES A 3}, Ee
FIedlolE ZEFAM[E £ poly(ester carbonate)s]
o] FEAZ Y ZejFlRUo|E F3EE o] F9] i
W 3¢ L A FA A =oe EudA A A
ol] 159 sl BAY FE Fzay) updth

Stage 1 (phosgenation) :

cn-c-c1 + OH @ ] @ OH
OOH + NaQ + H,0 (1)

caustic

=]

@

-
ar

caustic
2a-6-a + o (OHO)-on
a-c- o c-—c1 +2NaCl + 2H,0 (2

Stage 2 {polycondensation) :

(n&m =20 - 40)

o]
I

na-c- o'or{.mcx e o:o—c~c1
S 100100

tertiary amine
+ {2msn) NaCl + (M-1) Na €O + (2men) H0  (3)

2 —}—@—ou

causuc and 3
teriary z2mine

©+O oc}o@—

+4mNaCl+ (2m-1)Na;,CO3+ 4mH,0 (4)

O

Ok

o}

2. 7{|HZ g (Interfacial Polycondensation) 24

ARSE T4 AJAE 7ML sle w8 ¥AEe W
= ZEFIRVcEE g2 918t 195613 Sch-
nell®-#¢] olale Aoz XEE o)F WAl AAAHR
7V del o] $5T i FAol ol Ui B 2%
2o g FgAz TR vl BReb) Bt 2
2} o] FAL & 2 AR @EE 2a Qlth
A%, =Z4o] Sl phosgenedt thake] £7] Sui(e)S
£ methylene chloride &= benzene %) & o] &3l2 &
BE IHEAE L B4, uheAN|Eo) g B4
E24 A== chlorine 31325 (HCI3 NaClyoll 23}
of Al FAEnh AR, ¥rg HEF Zed FiE] 9
= BFE(dE &9, NaCl®} methylene chloride %) &
AABIY GolskA gk whebr FR9 HHE /A
A ddstn 43 Ao EFIHMoEE AxE]
7] 918t g2 ¥ FApt S7E o] I Aj A
T A RS I F8 Basle] gler Vernale-
ken® 2 AWE FRo) tht o5 AT AnE TRHo
2 v HE3Yed e olg £ By d¢ Ax
E& vu HESFHA o33} go] Adgd v Qo “7d
AFREL FF MR 2 4 S HoFn Qv weby
71 ABREL A4S 1 AEE 77 whE 2 $Helo
443 g8k 9o aejez ZEvtRuolE A o
&l B2 7] (reaction mechanism)ol| gt &3t o]sfel
Bk-2-A| (reaction system)of] th3l vkg- TAH4= o] X
T Y 5 didte A ZAF 2 A7 e ol

o] Z# 4] phosgened 7]} bisphenol A9] so-
dium salt7} 2318 84 dzde fAoF A two-
phase &30 H7her). o|d two-phase E3HES AH
3] EFAIA emulsion FHE FAstdof dh gAY
(aqueous phase)©] organic phaseo] EAtE|o] Q& Ael
7} €th organic phasex Z2|Met f718rio) B3
phosgene & X33 Qe WHAO| 4-FNAE caustic
soda(NaOH) 8} bisphenol A¢] sodium saltE 3H&-3ic),

2.1 ¢ g8 717

Z7Ro|ES] AEEZEES ke (1)~ (419} #o] &
wAle) AAA dolwtrkn wA UCh® Phosgenation
Aol A gl Ao EAS= phenolate o] 22
phosgene®} u¥+$-3lo] chloroformatesE ¥ A3 WHS-

1.
~— 0" + cocly —> ~—<CD>-0C0Cl + CI° (5)
o]m) chloroformates¥= thA] phenolateo] 23} Hh-2-3lad

(¥r8- (6)] carbonates oligomersE A3 w3 ¥-3-

(73} o] 715535l phenolate o)L t}A] 48}
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7= gt

—>-ococt + 0>~ — 6
—~D>-0c0-0<D— + O
—<C>>-ococl + 4 OH™ —>
—<C>-0"+ €I + €O + 2H,0  (7)

F3hrg 7179t o) BEE Fule) e A 78
FAolucE. 2™ 58 Schenl’e ZwlzA  tertiary
amine& AMSSIHS W TheR 2ol uhgo] FgHnm
Hstgch

—>ococl + NRy —> —<C-0Co-NRtCI™  (8)

0CO-NR4 CI™ + NaO —
—~- 3 <O
—~C-0c0-0<C>~ *+ NRg + NaCl (9)

9

HES (9) &= organic/aqueous phase®] AgolA Yojuny
%13 chloroformates] ammonium saltst= EA] A HolA
7H-8 ¥]o] carbonic acid[¥H8- (10)1¢} phenolateo]-&
[¥kg (11)]& A5k o] phenolate o] &-& ¥18- (9) o
oAl GolatAl €k 8 wez|2A -0-CO-OH groups
he EfFiRNolEs BYE T)E e tE Rt
o} o wWaA g vrg-dled X2 carbonate group&
Pygo e E2n Akgol U Zojdnuke (12)1.7

—(>-0CO-NRF" + OH™ —
—(&>>-0co-0H + NRy (10

—<C>-0C0-0H + 30H —
(0" + €038 + 2H0 (11)

—C>>-0c0-0H + HO-0C0-<C—
=% ~D-oc0-0<D~ (12)

+ NapCOg + 2H20

£t} Bk o 2 A& phosgened] 7FRES[9FS (13)]
7} ek o] Wb AHAHE FENEE sl A Hl$
w2 A1(90 sec olu) ¢+AHECh 12y Fol2A] tertiary
amine& ©]4-3}i1 phosgeneS WA FFFo2H o
nwre e FoHo g oA F qrh®

COCl+H,0—— CO,+2HCI (13)

Bareks 2437 98l chain transfer agent(F2
monofunctional phenol) 7} ©]-&5 1] p-tert-butylphenol©]
aagolt, % Mills® %2 chain stopping ¥+3-& ¥
she TR ZglRYlolEY AEEH #H-& HAH
o2 ¥ 13 #o] Rt

I2XtoEn 7is 47 5% 19939 109

H 1. Reaction Schemes Occurring in Interfacial Polycondensa-
tion.

Initiation Hydrolysis
Ao+ Bo—Cy Bo—Co
Propagation B,—C.—Ar 41

An+B—Chinrr E,—D,
Apt+Cn2An+n Termination
Bn+ Cm_’Bm+ n Dn+ Em_’Fm*n

Do+Bo—Eo
Dn+Bi~2En+a
Cm + Dn"’Dm+ n
Cm + En“’Em +n
Am+En_’Dm+n+l

Ap . HO-R-OH A, : H-(-0-R-0CO-),0-R-OH
B : C1-CO-Ct B, . C-OC-(-0-R-0CO-),C1
0

Co - H-C1 C, - H-(OR-0CO-)Cl
Do : ¢OH D, . H-(OR-0CO-),0-¢
Eo : $¢0CO-Cl E, : CI-OC-(OR-0CO-),0-¢

R @3@ Fa : ¢-0CO-(OROCO-),0-¢

22 58 s 2

Z7tEdo|Ee AWEIe F w9 wEIA(H
phosgenation®#} condensation G#4]) .2 Z3Jg ), Pho-
sgenation @AY= bisphenol AE oligocarbonates =
HUG A3 gar) don ofuf FAld dojue F
uk-S-(phosgene?] 7R 3)) & oA =loje} gt Conde-
nsation AO|AE ¢ke] phosgenation T©HAlSIA FAH
oligocarhonates®] ¢t chlorocarbonate group2] 71§
& W2 AA|AF)L H)H OS2 carbonated] & WHE
& EXAA} gk wEld FevhrdlolEe AMSHE
FRNA HE AFe B JFE v g 3
FERAE F718e AR, W EHEY wE9 189
molar ratio, Zul, f3k4(emulsifier), &3 it £,
¥hg- 25 Fo| lr}. Phosgenation TACIA A€ ¥+
Z7H (27124 OH group ¥ chloroformate groupS
z¥7 Q)& oligocarbonates) &= Al S 9 T oA
293 9gS8 ) o)E oligomeric ZE|FIH U0 EL
o waA HAHHH(20sec o) o5 organic/
aqueous phases®] AW FAtHo g HgsA|Ict B
&gt £5 e NSEEE HollA Fa3 FH Wl
Smirnova %2 4,000 rpm ©)4¢] ik &xoja] E&]7}
BylolE9] #A W& b A o](diffusion-control)
Ao M Wk 4% Aol (kinetic-control) B2 A@Jchn
Bagrh ™ vk ex 10~35C7} ol §Fol Ay 111
t} %o 2o ZelFtRulolEE AHFH hot phos-
genation process) & F% gtk ™ a8 12 ¥ Ide-
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NsOH(sq)
c Water
n Cataiyst (ermioms
—3 Stopper Acid
(]
Antisolveat
[ =]
Sotvent
Recovery
Phosgene Polymerization | { Wash | | Storage || Precipitation
Reactor Reactor Tank | {Tank || Tank Tolrearbonste

8 1. Process flow chart for interfacial polycondensation process (Idemitsu Kosan Co., Japan).74

mitsu Kosan Co, o] 23t 7hde AAS3 T3 A
234 3gxoh ™

2.2.1 {7| 2ofe| MH

f71 &hls Ad=Ee nEAe] B & 9%E 1
Hed Ete] STt ¥ Svi(solvent) & AH8-31H
T A nRApl oAy &Izt Fe &)
(poor solvent) & AM8-31 W& ¥A%F ¥X(F polydis-
persity®] 37HE Zte ZejztrulolEs} PojAlr, T
Ze)FtHdlo|Ee] EateF A& 913t solvent$} poor
solvente] &3 LulE 0|43 4 2121 poor solvent §
&S F7IEFE ZeFtRo)Ee] EAlge ZAd,
Z guroz AMEHE §7) £ul2E methylene chlo-
ride, 1,2-dichloroethane, chlorobenzene, chloroform
29| chlorinated hydrocarbon3 tetrahydrofuran, dio-
xane 2 anisole S°] 21987 chlorobenzene@} methy-
lene chloride9] &% &rf& o]&3lH HFo Z A
Z 0 £ X¥E methylene chlorideE 72 3] AAHE 5
Atke A7 g ok B

2.2.2 Y2 22| 5T 2l &2 molar ratio

pH (= OH9] %)} phosgene?] ¥ %=(3Z-& phos-
gene} bisphenol A2} molar ratio) = ¥ @4 (phosgena-
tion/condensation) ¢} ¥k$- FRAE& FH3l=d $83% F
Awoltt, g 2~38 45 79 sodium hydroxide 2]
ok, wke FFME9] % 28] phosgene¥} bisphenol A
9] molar ratio 5o Zg|FIRv|o|E] x|k} 1] £
&0 vAE AL 98 F7e /7] HE ARSIRS
7ol oiste] Yehln Uk ™ Phosgene2 bisphenol

368

Mol. wt,
60000
40000
20000
Na OH
100 300 00 */s theor.
1) — Organic phase : CCly
2) —— n-heptane
3) --—--- benzene
4) methylene chloride

18] 2. Effect of the excess amount of sodium hydroxide on the po-
lycarbonate molecular weight : Concentration of reaction mixture :
010M.™

Ad| H)ale] 10~30% HYo g AFLE w B 48
Aol 7h4 S48 %S BedFn ok ¥ I8 5S¢
el lvlolE9) ¥t 19 & Wel M 7hY Hel
AHE Ro)FE phosgene® 9 sodium hydroxide &
FHQl 4 BAE BolZrh ™ pH ghol] thsied 8~100]
FAs)o)AY 127) 71 ukasita e A Aok
2.2.3 Hajje| 4
Tertiary amines(d]& S triethyl amine, N, N-di-
methyl cyclohexyl amine), quaternary ammonium ba-
ses(oll & B9

thyl benzyl ammonium hydroxide), quaternary phos-

tetramethyl ammonium hydroxide, trie-
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6000

4000

Concentration ot
= slution s mole /1

o 2.2 0.4 a.6 0.8 19

1) — - Organic phase . n-heptane

2) —— CCl

3) methylene chloride
4) —— benzene

38 3. Effect of the concentration of reaction mixture on the poly-
carbonate molecular weight.75

Mol wt.
100000
50000
Phosgene:
10:15 1010 15:10 bisphenal
1) —— Organic phase | CCly
2) —— n-heptane
3) ----- benzene
4) —— methylene chloride
Yield %
100 (B)
50
Phasgene;
10:15 19:10 15:10 bisphenol
1) ----- Organic phase : CCly
2) — n-heptane
3 —-— methylene chloride
4) ——— benzene

%] 4, Effect of the molar ratio of phosgene and bisphenol A on
the polycarbonate (A) : molecular weight : (B) : yield.75

DEX0stnt 7js A48 5% 19939 10¥

fcacist,
male/1.

055

l / NaOH

0.45

140 160 180 200 mole*%

18] 5. Relationship between the opttmum amount of phosgene and
the excess of sodium hydmxide.76

phonium, quaternary arsenium % tertiary sulfonium
B5HE 5ol AH Zul2 2 A 2Uch.? Kolesnikov 5
e zuje) &g AHEE #7) Gulol thg Zuje] g
5=, phosgenes}9] complex®4) 121 phosgeneol] st
Fuf o] 88+8 ph-g- Aol 29-grln we)|5 glo), By
Zen9) & WellM Ao AAE A7) 93ty Hag
Zojjo] & WSEEY FTxde ARl aqueous
phase?] #3] 32 A aqueous/organic phase AH<)
Bojo] #9-9c}h% Schnell?e o2 A}2H tertiary
amines(oE &% triethyl amine)# oligocarbonates]
2t chloroformate group#¢] vk 7] 4¥r8- (8)~
(ID]E5 d¥gozy Zesthulelert ojRA e &
el A W) ok 119 vk 7|70 oFhAE =
FlE|o)Ee] 488 FE hydroxide o]29] AHAH
(phase interface) & &¢ =32 H<D(mass transfer) 2
o]&(migration) 12|11 AAHoZRE Yol chlo-
ride o]2-¢] Hek(transport) @3ol Fs-grh, ¥

2.2.4 73H|(emulsifier) 2 X7}

FIAE AE F5 Ao HrEE BS AA Ade W
o] F7kslv HW FHo] T4 Hule AL JaEHe
Hooln EeiFlRMc]ES Al FEAe] dEEgHoR
oY H emulsiong 7] 15t fakalg gt 8.8
$3k4) 2 A= sodium lauryl sulfate 9} sodium oleate 5-0]
o]l85™ 3 non-ionic -F3HA|(polyethylene glycol
ether of isooctyl phenol) & #7150 23 Zgj7lHu|oE
o ¥AFE AA F714 5 Ut

23 S8 a8 38y HP

Mills® %= Zezhaulo|E) AHZE FA sty
784 wdady} 42 YA numerical simulation)S 43}
oW vhe- FEAEQl AL Hx2 A=k e
gas-liquid-liquid €] multiphaseoilA12] ¥-§ @Alol| tf3}e]
EQ2/88d mds £ystd vgr] HeE(F conti-
nuous-flow stirred tank reactor ¥ semi-batch reac-
tor) o]l wie} FRBEARE AP FE wEIE bis-
phenol A, phosgene gas, phenol#| chain stopper @ 4
ukE)= o] 259 polymeric speciesS ¥ 33l ¥ 23
A RS (RAE D E DS 23|k 1= 7’3 (phosgene
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gas) T AF(F7] 8ol) Alole) B4 A AFPo] A F
F& Fegoia Boror 12gh AnE #apel Ha(di-
mensionless variable | Stanton number) & AFE-$H0 2 4
& Al3kget. 03) 63 18] 72 Stanton numberol ujz}
A FA9EE o)) M, & M,) 0} Bapd 2

(polydispersity) & batch ¥-& A]71e] §HE A HolFq
21t} Stanton numberi: 7|42k i Alole) BA e
A4 (overall gas-solvent mass transfer coefficient) <} &t
o) 23l(infinity) &} Stanton numberi= 7|4z} A4}
Atole] Y Mao] FAF ghejvhs AL onEch

3. 282 Z ¢ Melt Transesterification) ZH

o] ZA o) x= ¥FS-5 2 X bisphenol A%} diphenyl car-
bonateZ o] &3t & (melt) AFe} 3}oll4] transesterifi-
cation W3S 218§ A) 71 diphenyl carbonate ©]2]9] car-
bonate ester[s]& 9 bis(2, 2, 2-trifluorethyl) carbo-
nate]Z bisphenol A$} R§5FAAH Eu7lRHo|EE
Azete ek ® E ok whgog dRe) TorayAH P
di-C, g-alkyl carbonate$} bisphenol A diacetate “12]1L
phenyl acetateZ transesterification ¥ Zojj(titanium
93 tin 313HE) & ARELSl S859AIA AEEE U
2 Balo) de gubEql Zejole} vlad s 24E 2

B3

32

‘ZI

24 4

R, or K, x 100
k3
AL

e Sty = 05

¥ L
0 300 600 900 1200
REACTION TIME. ¢

27 6. Number average and weight average molecular weight as
a function of batch reaction time with the Stanton number for gas-
liquid mass transfer as the parameter.
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1.8
%
= Sty = 05
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o
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a
9 1.4
)
>
-
e}
a
1.2 4
1.0 - . —_— .
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REACTION TIME. 4+
2@ 7. Polydispersity index as a function of batch reaction time

with the Stanton number for gas-liquid mass transfer as the param-

ter.67

-

g7t Yol EE Azsty i Fgstdct. of Az
S45F 49 988 A7) 918k phosgened H
& gaz 34 gethe oM 553 Eej7kEdole
zZAo|t}, bisphenol A9} diphenyl carbonate S
olgEhE S8FT TH B 58] YOS5
102,107~ 108, 110~111,116~117. 126 6 iy =8} 2 2jol] 1] 5}ed
wx o wd BE A7 AREE 8 wdltT
119,121~ 125127~ 1285 710 @150} Qx| ovh, 7L 78
= 4858 T AYFHor AF7A A BdE
23t Ad 7|Qecha Azbeck ey FE) e
d woll A 403 WG 2 Q1Y) Wil den
og 2 zhgs wi g Ao WAy waby &§
23 BAo Bt o FEE APvh g AeE o
A=) ek

Bisphenol A¢} diphenyl carbonate] transesterifica-
tion BFE-o ulers]2A) hydroxyl(-OH) group® phenyl
carbonate(-0-CO-O-Ph) group Atelol] ¥kg-o} ojFolA
carbonate(-0-CO-0-)& &Aape ukg FAERA
phenol& AT ¥HE (14)].

ofs & u‘i v
©

b
2

k

___OH + @—ogo—-—- e
——1 ofcl)o--— + HO@

(14)
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¥hs-% 7)o 180~250T 2 29} 20~100 mmHge] ¢
Ho g MAEE -2 RAE(F 2 phenol) 2] 80~90% 7}
A AE df7hA] Qke-g s 1% 9k 25 E 290~300
Tg Hd3 272 e 98 S 1 mmHg o|&tE Za
Aeam B3 TRE SRV FY e Bl WS
e &4 dut A FlsnelEaE 30,0009
EZZ]7H Yol E : 500.000 poise(245T) : 5, 000 poise
(3150)] 9 % sliz FeudolEs) A LAge

& 7; HOIRES $)f vistel o g @
Soll A BEgo] AP u g 3 FA(EE S 2RA
branching, cross linking ‘;l discoloration %-°] Yot
th)ol ZeME @717k olggehs wel dlek. T1elut o
> phosgene 2 methylene chlorides} 32 =
2x0] B1EHRE o] &aEkA] Gony FA0A WAl HolA
O 5% 40 s f2@ Hol wou] Wl §%
Aepell M AaH ez A gAo] vl heksial A4
olghi= alol ql}. 123 AHFe| Felnz &ofjof ot
2141 ro Al wau,e. 44 pelletizing$ & 5 4l
o webr] ¥4 A4 wel A oA FHEE 2t
gt o] FH ‘i“d% "1?% Worbe] Zej7lEvlo| EE
A7)7b ofgik: ol Crefu} Wk Al EHEEA Al
HEY g %-EH A} A& oligomer(M,, 7} 3,000¢]3}h) &
bisphenol A9} 87 transesterification ¥H-3-A|7|H ¥4}
ehe ZA ZopAlZ 2= gley, 2010912114 matag glioo.

3 T2

mer £-& prepolymerE £33 ¥4l 98 A B3}
g olgiehd A A WellM B oo o sk

S48 we] | 4 Qlrh

3.1 58 w3 2|7

Bisphenol A2} diphenyl carbonate Afe]ol] o= F
= ukg-o vk-g- (14) 9} #o)] hydroxyld} phenyl carbonate
el 7] A}o] 9] transesterification ¥Hg-o]n o]gigl Fuk-g-
& wEe o) EAEHs ofe] 259 molecular spe-
ciesE alziale] H 29} 3to] U] A4 Wk o R BAY
4 otk g Fergo g 250col*ou e o
ojuli= polycondensation ¥H&[¥HE- (15)]0] glom o]
uho o transesterification ¥F-g-ol] 0]%&1 oo o]s}
aA 2387 vk dejA geh?

Mo @oco@ﬂ@o_
. OO

s Yakubovich S'%e 88230 #HF @AM
(280~290T 9+ 1 mmHg ©]&}e] % F) thest 2ol

- LEOC

(15)

DEXE Jls A48 5% 19934 104

H 2. Reaction Schemes Occurring in Melt Transesterification. 12

Ant B —Cp\p. 1+ P(nm>0)
Byt G =S Bys + P(n20. m21)
At Cn 5 A, +P(n20, m>1)
CitCn =—= (.. p+Plam>D

=)
CIH3 ﬁ CH3
I
An: H o@c@o—c o@ c }on
o Ee@r OO
CHy

(phenaol)

on: (@0t 04D 400~ 40

CH o
cr gl O ot D)
CH,y

g0l oda] ofdtin Husbgch

o %]
k@ - DD
T%Mocw 0O+

o] ol9o] Bukg-o R M= HE Zejr)el ¥ (discolo-
ration) 2] §11o] #rhil &teix Sl Kolbe-Schmitt F&)
o} wkgol glek 1" 150ColAbe) 2izo} Qhake] w7} o]
29 7% bisphenol A9 hydroxyl Zeh7)+ “"Wﬁ}c'i
(17, 3 el
A%}, 4-isopropenyl phenol & & Wh 5‘% SR
o Aoz F5 ¥Ego] dobiAA] Ig H2 A9

D:}-i}‘—-‘r‘»—; ﬁtl}vl 6]—(:]— 120

)5 4-isopropenyl phenol3} phenol-g Hhg-

o\o ol
| N
ro x}_ H

ko~f\-—c

Qo%

17
Schnell?& 4] transesterification #Hg- EZol #2]7}1
ylo)E2] branching®} crosslinkinge] dold = Ut}
Aeksldn). 1= 93 (18) 3 22 Kolbe-Schmitt e 9}k
HAMSE I UhE Bukgo] QlojubH g branching crossli-
nkingol 93 4= o FAst e} Christophers}
Fox®i= 34219l transesterification ¥Hg- 23l A=

olef ¥uhee Ao} Uojuhx shchu FAFIh
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° o
T i - )
_[_oo‘co-©+@ oy o
7 (18)

L oDy 4O+ oy
L <:\/-‘—Qcoc.ﬂ -

B =39 21212 =  lithium  hydroxide monohydrate
(LiOH - H,0) & Zuj2 A3t S o Yofuhs transes-
terification %3¢} AHAIF WHg 71t E ARbe ub o
Bisphenol As} diphenyl carbonate Aol transesteri-
fication W& Zuj glolx deold & Slvhs AMEL @
2 olck 1212 Azel Zeulel Wohdle AEe &
g dxje TR Zoe EapEke H3AAh
fﬂrE’Jr"i z2upg AMEEHA QAR B S dod §
glebd 7hg o14AQ wke ggolgta & & Uch ¥
Schnell2e& ¥ 31380 Zx)sh= B+Eo| transesteri-
fication ¥WHE-& o7l EojeA 248 + lvkar HY
spqich, et & wne) AR Pe HuE ARgetA]
oI A% transesterification ¥h-g-o] F3shA dolH-g Wt
g APL Eikd Felatgon (1o #PH W 7S
Aoksigch, w3 A cgﬁ,] Asahi Kasei Co.'%= %
)2 ARgEA] i $85ES FUdo R e
olE.¢] prepolymerE #Al 4|23 & 1 TAHE$H(solid-state
polycondensation) & 538t & wabde] HF Eelve

4 Az 58 298 g FsAh

b

P

10 At

3238 e 3%

&8 S8 T UA g gad
phenyl carbonate % tdeko] Zuf 9 chain
terminator®} 3HA) "ke-7]ef| A 7} E§F nwkAlF Al
oh Hkg 29 %“3* Byxe sk HEF Zave B4
(g B9, ExE gk 5, 919 /]-4 FLEF)E
217] ¢jste] A3 2AH o o} 5“4 et 290C H=9]
=0 9,4‘9} 1. OmmHg ]3}9,] 1] Sl )\]—EHH]»Z] zix]zlo 72

1,

Ir“r
s

ewol qrale zAFouM AHE W (SR
phenol) 2] 90% olide] wh3-71:2! H A A}, ol
d€ %al;/w_dlolf—_ gauﬂf— & AeislolA #HEA

o 53k eje] vhgv|2 euﬁﬁ Hjor ¥ swst 1
& ol A Whe-g 3 ﬁg%‘o 7 Al ST A
23 WAl o) 8F= ¥ H*% Aol e w
RE] Vo BA ddo] fo|ahd dojuhieE &§ &
g2o) gEAL ANa =2 S AE FAE 2 A
o}, dEHS ggIRE
cone reactor “12] i multiple-stage vacuum-vented ext-
ruder So] A vk oleld HF F9 wHE-7Ifini-
shing reactor) o} #Héh 93 ¥4 )42 Ze]ol 2~ (poly-
ethylene terephthalate : PET) 2} 833 &gl thsted
i a7 was e gms) vt 23 82
Ze|yprdlolE AxE %%%5‘?} FHel AAHL &
A 52%%|u of7)oA ¥k §&2 bisphenol A%t di-
phenyl carbonate] 34 Az ¥3L& ekl

wiped-film evaporator, heli-

Mixing Vesiels  Vecuum Pumps  First-Stege
Transenarilicatson Resctory

Pustilad OPC Tank

Aexcion Reector

Aecuivers Second -Stage

Fusi-Slage Polycoadenianon  Second . Siage Polycancentalion Potiatizer

Sim.

w
CW Condenter
Sizam Ejecior

Dorwetheren

Trenwieniication Avactors

Aw fecycle

32| 8. Process flow chart for transesterification proc.ess.5
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dutAH o 2 diphenyl carbonatet= bisphenol A¢l] B}&}
of of7ke] B} o & 53, DPC/BPA(mole ratio) =1,
08Jo] AH-ETE? 11 8 olfii 25} Bl kgl A
PHe TPl vl FAEA] G dolle nykge
diphenyl carbonate”} ¥WHS-7| 2 8 E] A AFo] 1 &4TS
W) BEate] FEE Uevt 7] WEely ® &
olfv HF EelWo Ug w3717t 2 phenyl carbo-
nate 7|2 o|RARALE WS FPFoH PAHo
2 e ZEHE Azt e 4 Zelvtndlel
EEZ o7 9i5to|t}. Diphenyl carbonate7} ¥H8-7)2 2 H
i 45 B F FFe @ wke-71(S, phe-
nyl carbonate®} hydroxyl Ut7])¢] W& o2 Hi¥
(stoichiometric imbalance) & & Zajv o] Eajgkl &
A W Ahs 718 A AdHoz sy v Qo ¥

3.2.1 Zope| MH

Qo)A IgE WA vk wkS- (17)] 2 branching/cro-
sslinking{ ¥+ (18)] 59 ¥ukeE5E W89 #x 8
ol HH3 Znjg o] B3P oj=Ax AAY + it
H 3o hydroxyl#} phenyl carbonate @th ¥-3-7] Alo]2]
transesterification ¥+$-& o7& o] Av#F ozt 24
A e 2Eg Ao % A% Eelo) AFo) do}
AE A% Evelx HFHoz AL AFANE +
oo g AMREE Fulo] & HA3F Sofor st AMRE

H 3. Transesterification Catalysts for Bisphenol A Polycarbon-
126
ate.

Compound Name

(1) alkali metal and
alkaline earth metal .

hydroxide LiOH, NaOH, KOH, Ca(OH),
hydride LiH, NaH, CaH,
alkoxide CH30Li, C,HsONa, (CH30)3Ca
aryloxide C5H50Li, C6H50Na, (CﬁHsO)zMg,
LiO-Ar-OLi, NaO-Ar-ONa
CH3CO,Li, (CH3CO,)2Ca,

Catalysts

organic acid salt

C6H5C02Na
(2) metal compound .
Zine ZﬂO, (CH3C02)ZZH, (C6H50)2Zn
boron B203, HgBO;g, NazB407, (CHgO)gB,
[CH3(CH)3013B, (C¢Hs0)3B
silicone SiOs, Si(R)4, Si(Ar)y
germanium GeO,, GeCly, Ge(OCyHs)y,
Ge(0OCsHs)4
organo tin Sn0;, Sn(Ry)2 SnlArz),,
(CH3C02)4STK
lead PbOQ, (CH3C02)2Pb, PbC03
antimony Sby03, (CH3CO2)3Sb
manganese (CH3CO,)sMn, MnCO4
titanium ] titanium alkoxide or aryloxide, TiO;
zirconium zirconium acetyl acetone, ZrQ;

(3) quaternary ammonium LiAlH,, NaBH,, (CH;),NBH,

salt .

OEXED 7l A48 53 19939 10¥

ol 54 AEY vx(dE E49, lithium hydro-
xide Zuj|ollA lithiume] %)= 5 € bisphenol A} &
7122 1ppm~0.5% AZ7F At geiA vk
126

3.2.2 912 2x o e =N

A9 Zo FHE 47] H8ld dAHo R vy 2
=9} 9} S st Aok o), WHg- 7)ol A7 I(760
mmHg) a4 ¥he-& JAPAA HHg FAHE-E w32
R AASA gk batch HAo W& 335 o]F A
AH o2 TIPS AlFle A Wg Was Basa gl
% olegh gl w2 A%t st A whg-g N o
ZurE)= diphenyl carbonate?] 4 &4 7HAAIE
o &FHolch, 1?7 g ¥ =319] H2EL diphenyl car-
bonate?] F £AS oAE] flgtd T g B F
9] sl FHEY 2% 2] F2E <48 vl Ut
127

3.2.3 Phosgene& A[RSIX| %= Diphenyl Carbonate

B HI=

2853 42 218% < diphenyl carbonatex
Yyt o 2 phenold 84 caustic soda(NaOH) &<oj
] phosgene#} whg-A171o 2 dojArth.? oy &85
3 AL TR VR YURE Az f3kd FE)
A el dztek 2AE WHESFL = phosgenes o]
L3k ol BAE 2 ek 28} phosgene s
o] %-8}%] ¢¢1 diphenyl carbonate& A A|zx3t7] Y&
o] W Ee] HiusojA Qltk. 1 44 dimethyl car-
bonateZ diphenyl carbonate® M§A|7)i= upyidH
2] 1L phenolZ carbon monoxides] 2|7 k3l 2 F(direct
oxidative coupling) 17|41} ®+= phenol-g carbon dio-
xide?} A 23} wk2(condensation) A7 2. 24 diphe-
nyl carbonate S FAIFHE Hpg S o 85~87.92,103~106.129~
130 zmzx Group VIIIB(Z2 palladium : Pd)2) &
sHHEo] o] &5 15 FA WHES A H(ES F
) 714, @ g 2w v 84 88 F)AM ¢
3R] Falthe o wiFe] dA AdPHeE olfHAE
23 siokm ¥#A glvh 12y phosgenes ©] 8314
¢t o WA diphenyl carbonateZ AT 4 = HHsIL
& 7HAe] Az 71es NEE F Ak 885 3L
OE 33 ¥ v)3lo Az FA AT FH 1A
FAgte 2 955 A4HE 244 € Ho g Jdd"d.

33 IS¢t vS 3EE AT

ZgslHdlolEe] &§5F TP et T we 5
st s)4 AFE e BasA Qg Losev §12e
zinc oxide(ZnQ)E &wi& A}E&le] bisphenol A9} di-
phenyl carbonate®] transesterification ¥r3-& =8%te.
24 19 kg A3he ARIFY. 5L F WAl A
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A F5 vhe-g 5303} (stage 1 : 200~210C, 50~70
mmHg, 2~3hours; stage 2:230~-280C, <1
mmHg, Y-8 ¢H38-2 5~62|71) gk nhE S§E 9}
Zeoloe] ¥A%e BA 2AREY. T2 258 5%
o st AEAE Mk AAelAM nEg A §
zalgon FulE Foay] ojdd dojd FF W=
22542 ekbeh, Turskaet Wrébel2'2~ 124 o14) zinc
oxided vh-3 Ful = AMg-sle] ZejlHv|o|ES] 557
vhe-(200~250C, 60 mmHg) & ﬁiﬁ}%{t} 528 Bhs
sxsh 2uje) wrl Eesirujolze] BAjuo uwb
FUe TAORM WG A5 449 2ol B Aol
Al BAE Za Qo F Hh-e A Hog 31}
vhe-g mechy Eastch £3 Zuivh EA8HA B
AT Wgo] Yolted Mel FoUch W 2o
o} £35F %< (number-average degree of polyme-
rization) ©] gl Wt A AT RE] 22y 9 £
A the s g

k=9.69x 10%xp( — 14, 550/RT) ; [gmmol*min’']

Zuj Fro] mE ¥R £5 AH(240C, 60 mmHg) = U}
o #AE Zhetn 15 FA] Rk

k=0.3+1.2C,, : [Zmmol?min’'] 5 C[wt %]

#7t Hersh9} Choi?®% lithium hydroxide monohyd-
rate(LIOH - H,0) & Zvj2 ARS8t transesterification
WEg-oll uigh batch *’“5194 wg Ao Tief #EHE 2Y
gg Atk wgo] Malse Fotel v VIE4EEH
whe E3HES %‘%?} % size exclusion chromatography
g o] gdle] kAl g stk ot RS vl
3] o whe-2. v (150~180C) ¢} take] Zuj g o] &slsd
onj Mk Bajo] Avlelles & AP e s NEIT ok
a% Bomue AaEPe 180~250C9) He 2% WS
ol 4] lithium hydroxide monohydrate &= &}of batch
vkA] o] transesterification ¥H3-& ZAEIHon FulE
B38}x] gt whgo] A dolds Eirstych HP
Azgtel] weh 358 ubge EFEL Bailly 500 ojsky
Byg Zg|7tEd|olE oligomer?] Ak ¥4 Wi (high-
performance size exclusion chromatography$} reverse-
phase liquid chromatography & o]l we} ¥4
o 25 ZAaz e dojzl v vhgat Kol vk 2bz}
off thah Fure(k) 2 Avkg(k) o ¥hg & dve o
&3 ok

Uncatalyzed Transesterification :

k= (3.11% 0.01) x 10’exp[ ( — 25, 300+ 100)/RT] ;
[L mol'min™]

k'=(2.03+0.01) X 10%exp[ ( — 45,000+ 300)/
RT]: [L mol'min’]

374

Catalyzed Transesterification :

k= (8.50+ 0.01) X 107exp[ (— 14, 200+ 400)/RT] :
[L? mol?min!]

k'=(7,31% 0.01) X 10%xp[ (— 12, 100+ 100)/RT] :
[L? mol®min’"]

$hH A (Batch © 180/230—250C, 1480 mmHg ;
Semibatch : 250—180T, 15010 mmHg) o] £§=3%

W& st ZellrulolEe] ¥Rtk AA FVHA
14 % qlohs e #elslg om!? olm diphenyl carbo-
nate2} 5% &AE F EH/9 Uk wHS-7I(phenyl carbo-
nate2} hydroxyl ¥et7)) 9] &8 23 Ev-8& gt
vy, whebr semibatch ¥ 3710 Yo diphenyl car-

bonateo| F& &4& HFE Zojvjo] ¥xIgg AA 2%
gy,

4, Cyclic Oligomeric CarbonatesE 0| & &t
58 24

19891 ]9] General Electricrl= vl=r 31eh3) o9
430 Al bisphenol A2] cyclic oligomeric carbonates&
S oA R olggo vy V& i T 4 v
3l 953 B2 $AEE 2 ELV}ELHOP-;; sHa st
Hrial urEskgch, 156~159 st -yz0 - 33 vha)
of we wE~1Boa B 215 2aa o
H.‘?v S FA- S ohdst §-& Tite] MRS
T8k w) Qloh, 3 <o) General ElectricAli= cyclic
bisphenol A isophthalate carbonateZ Whg- 5 7ho) 7 #) &2

&h= Bz 50, 000~700,0002] G A4 FA15 gAdgh
o v W AHERF FRE] o]&%i= composite F-E-S 7w
8t7) 93 FF Mg AL nlwe 2t §ARI] Ford
MotorAbe} #1724 atgck 233 vp i (Chem. & Eng.
News, May 4, 1992).

Bisphenol A2] cyclic oligomeric carbonates& o] &3}
5 34 U 22 oy APE o v
2 ws|an ok A, FF Al vk RAHEe A
312 el B4, vhg FF wisfAl 2 o) &%+ cyclic
oligomers{n=2~20)+= vl1’3 F& (10 poise, 250
)2 Jehog s)Ee e £§ FH1(50,000~100,
000 poise, 2500)& zre EE7tRYo|EE o] &3h= 7
2 Brsslgde o8 processing #oH( ol & 51, tough
impact-resistant composites, crosslinked resins ¥ rea-

. oX ut e

ction injection molding®} pultrusion &)l 388 + 3
th AR, w2 FarEe] FertRdclEE A2 4 3
t}, &E =9 7)&9] phosgene S o]&3% AW FF(inte-
rfacial polycondensation) ¥4-& &2l 40,000~60,
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0002] Ze)7lRYlo|EE A2 4 U= H3ked cyclic
oligomers& o|-g-&li= o] &g A& 50, 000~70,0002]
ol & Balag A8 £ Advk A, F3Alel 771
o7} o] 857 ket tAA, cyclic oligomerse] 3}
&t g s oz oekst 79 ZtRyo]
¥ 3284 (polydimethyl siloxane carbonates, polya-
mide carbonates, polyurethane carbonates, polyether
ketone carbonates, polyether sulfone carbonates %) 9}
w8 polyarylates’e 53 A2 = Uk o] Mz Eg]
ol E 58 ¥4 2 cyclic oligomers®] g4 A zAl o
phosgcne; o|&sted Al FAZE oA AW FF
S A AR whe- Zo 224 triethylamine ¥} “high-di-
F0E o) 43t w2 £R(80% o]’ 2 cy-
clic oligomers& &4 A=gH ¥ anionic initiators %=
basic catalysts& ©]-8-8} ring-opening 5330 84 =&
O aterel FelstHvlolBE Alzgths HellA #3] v}
# FAolth Cyclic oligomerE 4 A)=sh= vk¢ A
ol 4 linear oligomers®} o}y {1 Rxjeko]l Zgjmy}
HES. BLALE & 2] 63»\45]31
<5,000)= 59 5% &
S adsnE 44

lution” ¥FS

ol& T linear oligomer%(MW
A Al A ZE]F R0 =9

oA 29 #4310, 01~0, () /)
sholo} gk, mebe] ole}dt whg HulYe = ﬁdﬂ#&
240 g Fashd o

o o] Mela) ghe- 219 :
o] AAl &9 AgHS Pl
4.1 Bisphenol AQ| Cyclic Oligomeric Carbonates2|

25

Bisphenol A¢] cyclic oligomeric carbonatese %9
BayerA}¢] Schnell® Bottenbruch!”~178q)| ojalay %

2 FAHYT 15 & 3 (melting point=375C) &
Zhi= cychic tetramerE FAGITh 1% vlat General
ElectricA}2] Moody 9} Prochaska!”™~18%:= 7}5] bisphe-
nol A9] c¢yclic trimer?] §H4-8 Alweatg o ol iz}
S §H(3500) & e 158 o) E cyclic tri-
mer/tetramer®] &4 A=E sk “high-dilution” ¥H&-
Z71& ol ot 8] $il(21%) HZF cyclic oli-

gomer?] §3o] Fohr & AHE FA HEaIAUck -
u} General ElectricAlol] ¢]aled Al g2o] 7iehe! bisphenol
A9 cyclic oligomeric carbonates®] Az &3 %%8— T
&2 l;_'_cd—rl sle i Aol cyclic oligomery: H2
B )(n=2~20)F 2= cyclic ohgomer 9]
53*35}9&“4. 3 C1E EEES W2 83(200~210
)5 HojFar glon linear oligomers 72 E3}H3}1R]
orojr}, WRS-YH 2= bisphenol A bis(chloroformate)
(m.p. =104~ 105C) 7} o] 8% 1712 bisphenol A%}
o] g3} '5‘““2} T slch wHE- Yo
=12 A7 9 9 Brunelle#} Schannone] ¢}

m1 to r
o Lo ~

ok ni

¢

5

u

phosgene gas&
/(ﬂ S U] Wl‘}

IEXED & A4H 535 19939 10¥

3d1? wag Hl 2131 General ElectricAl- Wingfoot
Corp. ol o3t B g o)™ wlel bisphenol A bis
(chloroformate) & A Azt dAgata ),
Cyclic oligomersi= bisphenol A bis(chloroiormate) &
Zmlj9} methylene chloride ' NaOH2| 7% &u & o]
#38}l organic phase$} aqueous phase2] #H'H(inter-
face)oll A vF-2-(hydrolysis/condensation) A7 o.24 <
ol Al HAHZ o] HAY WS FHY o] FL
Holu}, H& A macrocyclization {F3-ollA] cyclic com-
pounds& EHAAZ]7] 98t of¢ FU3HA SIME whg
EFEE ol §RTh: Abde dwbdow kA gk T
176

4.1.1 Sofo|

4= o8] F59 Zu)E o] &3}l bisphenol A bis

(chloroformate) & WFAIZ o dojx)y= wk-3-123} cyclic
oligomere] 88 HaFa Itk 7 7hg A g2 2o
+ triethylamine(Et;N) o] ™ cyclic oligomer & 48 213+
7 9 i‘JH F%T 0.1 Mojt,

4.1.2 k2

Blsphenol A bis(chloroformate) £ A28} cyclic ohi-
g w2l BH3- 7]4= Brunelle

I'_’.:
A

gomeric carhbonates&

R 4. Interfacial Hydrolysis/Condensation Reactions of Bisphenol A
Bis(chloroformate) Using Various Catalysts.l/2

Catalyst C(::zl(};t) % Cyclics Products"?
Et;:N 0.102 85 cyclics and polymer
Et;N 0.005 <5 cyclics and polymer
pyridine 0.1 0 linears
pyridine 05 0 Bisphenol A
ethylpiperidine 0.1 58 cyclics and polymer
ethylpiperidine 0.05¢% 75 cyclics and polymer
#-PrsN 0.1 68 cyclics and polymer
n-PrsN 025D 84 cyclics and polymer
quinuclidine 0.1 <1 36% linears -+ polymer
quinuclidine 0.005(2 34 polymer, cyclics,
1% linears
Et;NMe 0.1 27 linears, cyclics,
polymer
Et,;NMe 00052 64 cyclics, polymer,
<1% hoears
EtNMe,, MesN, 0.1 <1 linears
DABCQ™
proton sponge™, 0.1 0 no reaction
i-BugN, E4NOH
n-BuyNBr, PEG 600 0.1 0 no reaction
4-{dimethylamine)- 0.1 80 cyclics and polymer
pyridine

D Final product concentration : 0.5 M

2 Optimum concentration for cyclic formation
"3 1,4-Diazabicyclo[ 2.2.2 Joctane

*9) 1 8-Bis(dimethylamino) naphthalene

9 Poly(ethylene glycol) : M,, =600
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ST 167 1720) o)z}ed 2pa)3] B3t u} glch, Bisphenol
A bis(chloroformate) & tertiary amine(NR; ; triethyla-
mine) o] 2}&ta] W& wh3- & @ gAI3lE o] acyl ammo-
nium salt& 3AIgch, o] acyl ammonium salts THA|
7Hr E-8l(hydrolysis) 9} Z3%}H(condensation) ¥H5-& F
Alel] do7l ojm &5 vhg-2 7 Haf vhgHo} A
Hog WM we Yoluws zgsolo} .1 0%
918k] hisphenol A bis(chloroformate) £4(1.0M in
methylene chloride)-& ¥h&-Alo| #U3tA H71sln =g
214:3] 9k E3rE A o) EEHLEE sloo} vk Bis-
phenol A bis(chloroformate) 8<4-&- 150 mL/min A2
(A g E3Eo] 12 liter 5D W) & ¥hg- EF
2o H7bgoh &2 489 cyclic oligomersE 33 A&
3] 93l wg =7k &w, &R wwh g A
B9 ¥%(0.5M), #7I:E 18]1 base stoichiometry
518 AUsA| =Esladol sh=tl 53] organic phases}
aqueous phase?] AHo|Me] AHF EF wnke P44
¢l 2702 etziz] 9rl. Acyl ammonium saltv= {7l
Bajlslo] carbamatesE HAdshs FyhE-S A™dA do
ok whabd o] Rukgy) AdeMel wie-Ee Fx 9
pH gradiente| A|o1& 9j3te] AAAQ &7t alyto] o]F
ojzo} &it}, & carbamateZ FHAISH= Fuko i
uhe %29 Kosky$t Bodenol 2lske] zAbz|gicy, 166
Bisphenol A bis(chloroformate) 2] 7} £3fo] thgh #4<)
ubS-g o] sl whg E§EAAe pH ghe} 2 (pH
=10.5~11.5) 944 223} o]Z 93l NaOH= 44
YRS A|ZE Avbol] A A g3 E o)A 19 stoichiometry
+ bisphenol A bis(chloroformate) 1 mole’d NaOH 4
mole®] H]&& A%}, o[elgh “pseudo-high dilution”
e 2o uHg-E(reactants) 3 wkg- HAE(pro-
ducts) ] = $- 55} ¥kE F 74 [bisphenol A bis(ch-
loroformate) 2] acyl ammonium salt]®] FEE WA &
2)g FQ 7t 9)orn wa}bA intramolecular ¥Hg-o] 85-8
=9lo 24 linear oligomers®] HhS- Aol 79] A€
t}. #HEHo =z &AM cyclic oligomeric carbonates &3}
B2 oF 2~20719) EejslHUlolE W9 (repeating
unit) & 2 17§38 200C A=olth. H 5% cyclic
oligomer Aol dojul= WH-E7 1 zhzpe] WbE &
wghe Hezoh 1

4.2 Bisphenol A2] Cyclic Oligomeric Carbonates®

o|E23% Z2i7IRUI0IEL Fit

Cyclic oligomer2] %% WH3-2 anionic initiatior/basic
catalystS ©]-€-3t© 24 ring-opening WH3-of ule} o] o]
2}, Evans 21982 cyclic oligomer® AM&&Ho g &4
(solution) # &g (melt) F 7k2] F& Whgel ogta] &
g7tHylol B A2 4 Aok Baustfnh 152 £

376

H 5. Reaction of Bisphenol A Bizs(chloroformate).168

. Reaction rate
Reactions

constants
(1) chloroformates activation 1,300 Lmol 'min’!
(2) carbamates formation 0.40 min'!
(3) hydrolysis 300 min’!

(4) condensation 21,000 Lmol 'min’!

(1) ArOCCl+N(Et);— ArOC’ N(Et);Cl
(2) ArOC*N(Et);C1~ —— ArOCN(Et),+ EtCl

(3) ArOC*N(Et)3Cl~+OH~ or H,0
——> ArQ0 +EuN+Cl +CO+H!

(4) ArOC'N(Et)sCl + OAr
— ArOCOAr+ Et;N+Cl™

¥ 6. Polymerization of Bisphenol A Cyclic Oligomeric Carbon-
0172

ate
Catalyst(mol %) PhyCO4t? M. M../M,
Starting Material 1,340 15
None 17,400 28
Lithium Sterate(0.5) Gel
Lithium Sterate(0.1) 300,000 24
Organic Titanate(0.01) 265,000 22
Organic Titanate™¥(0.002) 269,000 2.2
Organic Titanate"(0.002) 1.0 117,000 21
Organic Titanate(0.002) 2.0 65,300 2.2

D Al reactions were carried out at 300C for 0.5 hr

2 Diphenyl carbonate : chain transfer agent

*3) bis(acetylacetonato)diisopropoxy titanium : Tyzor ~AA(trade
name)

5813 ring-chain 43 HEL o]Rolx|A] gton] HE
e B 1,0% )3k cyclic oligomer7} EA)3}
Qrin Baskgcl. &HF3ol & anionic initiator 24
lithium trifluoroethoxide7} AF&-% 7] &l 2 o-dich-
lorobenzene& ARE3od 180C o)A WhE- A o 24 M =
51,7207 M, =14,7209) Ze)7lRulo]E7} Azxdrh. &
HHQl $71 &2 o-dichlorobenzene, 2,4-dichloro-
toluene, tetrahydrofuran, dimethoxyethane ¥ N, N-di-
methylformamide o] it} &§F§ollA= basic cata-
lystE AMR-Sle 300Ce] ewelA whAAH M =50,
000~300,0002] Ze)7tHu)o| 28 Azt e &
T 0.1mole % ©]8+2 o] &3tk &< basic ca-
talyst2+ lithium sterate, bis(acetylacetonato)diisop-
ropoxytitanium ‘5 Z1#]1l anionic catalyst 4% lithium
phenoxide, tetrabutylammonium tetraphenylborate,
tetrabutylammonium tetra(p-trifluoromethyl) phenylbo-
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rate, lithium phenylacetate Fo] ¥4#A vt HE 62
o2] Fie] FME o] 83le] Alzg ZE|FtEY|o|EY] B
A woiFu ook 7 Felstule| s Al U S
9)8}led diphenyl carbonate”} chain transfer agentZA]
o] &5 ojuf F Eejnie] wrtr|= phenyl carbonate
group 24 Hug $2 processingAlol] Holl 2%t dis-
colorationS AT & U= o] Yot

5. A =

B =X Fa8 dAvoly ZeaEe shigl
7Rl Bl thated Hal AddH o= 7Hy de 01%5J
e ADEFS Az T Faol g2 FYES A
Ao digslE B85 34 1ea H s
A8 E3 = cyclic oligomeric carbonates ©]-&
FARE TAlo2 74 EAe) FF e 7, FE
4 % B g SRET sl ulh Fel)
BUloEE 19504 2 v 3 5ol slafo] 4iH 0.z
7Hetgl o] & phosgene o] 8-3h= AMZ TGl 9 }ai
F2 AzEe] godoh frey AZE 374 o EAE
eSS ol B1hE Az el diste 1o aigk Af
Mo QFH I 9oy 3 ) So] MR ZhEA e L
of gt FAE o2 BT YL Holu qirh
ufaha EEHHEHIOIE%Z: 11116}71 sleted A 7Hd e
o] L4571 H =3 ZAo) sk chlorocarbon &)
(= methylene chlorlde)J HHZ 2 phosgene ©]-&¢] t}
& A7 338 dlgsoldinh, Teng olug B 4H
le AR #92 AALe Ak 9% 718 A
olul FHHoR §HEH FH U APHe A F
ha om daEn. EF £83% ¥4 9= 39
3}11¢l diphenyl carbonateo] 4 whiel digh &7]#<l
e s 19 @78 FAlZ ot} Phosgened
o]&8}lA] ¢ diphenyl carbonateZ ¥ A|323h Y
of Wik A7t ghed] WaAF glor ghE AF7A 7
o] A7t BREHA ok BFFH S sl
st A7 S FY GAE Fukgo] 1, ¥e Sk
2, kAl 3 Az A g ojal, w71 A
A D Ao] el a gl w8 nHs -~) 7F 714
Hoh Ht Ao 2 B48 B3 YE cyclic oligome-
ric carbonates o] % FA& ZgFtRulo|ES] gt &
|t 71E9 kg FF FA ] Higke] %

Ag F vke FH wio] dAl 3 FAYE AT
glot cyclic olngocarbonatesg z}/‘éif}ﬂ 29J&ted phos-
gene¥} methylene chlorideE o] &3t oA E2|gh
HE LS weslolof gk Eejzhmadlol st e ¢
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