Za|7l20|E SESE

2 M-8 5o

LN &

189819l Einhornd] <l&] hydroguinone/phosgene,
resorcinol/phosgene 0 2 e Zg|sludolEvt 449
2= oleo] AR &' 1950 SY2l Bayer AG.
9} u]&¢] GE Co.o] 9} bisphenol A types] F&i7}
wyle|E7F s A} 1 olF £ £52 43E
AGsld A ANARL AAEo] of 1008 ol
t}

ZallEvolE:  nER FFd
([-ORO-CO-0-1) AE7IE Ze 1EAL] FHLZ,
Re) %80 weal aromatic, aliphatic, aromatic-
aliphatic Z2]7}RUoIEZ FHE= T, o] F57o| poly-
hydroxy 318z g el ZeFtEVlEE Al
=3 4= Qlt}.® E3] 4,4-dihydroxy-diphenyl-2,2-pro-
pane (bisphenol A)& 7]E o= 3l ZJlRUoE
(o]3} bisphenol A-PC&l1 3= 444, 4%
T, A5, BHA, BgE 54 oA Held
A& Hol= aromatic ZEIIRVC|ERAN, O &%V}
theksle] ‘ZelslRvolE’E B4 A Jeon, T
29o] GE Co. (#Z9 :Lexan)2} 5U2] Bayer A. G.
(&9 :Makrolon) 7} ti 21 A|ZAlelth. o] &9
A zAlzME )22l Dow Chemical, ¢#¢] Teijin
Chemical, Idemitsu Kosan, Mitsubishi Chemical, ¢}
g]2)¢] Enichem Chemical Co., Z18}x &+=9] Atofs}
4 Fol AUt

Bisphenol A-PC+ £3%%3} (condensation polymer-
ization)2] ¥ 54& 719, £9=%53 (solution
polycondensation), AlH%Z% (interfacial polyconden-
sation), £-8%%% (melt polycondensation)$] A =x F
Aol o) Axd & Uk 53] FYSFH T2 pyr-

carbonate

|

dim o

idineS solvent® 3} homogeneous Hhgell 2}&le]
polymer & A A3}, alcohol 3¢ anti-solventE AHE-
sled polymer& 3)4-3h4, solvent¥ anti-solvent& 3]
2 YA gEhs Ex0] Jou,t M uheAl S ¢E HA R
slojot sla, ZIHE 3|437] 93 non-solventE At
g3lodol apy) w2, olE& 5] T FEA B
B8 2 9] pyridined A A &3 A A
7] 9lat AA FARe] Wad A T WEAR olee] H
du] 7t Bol BadA o, FAAde] F& Huz 2

Apgo] ZuiElo] QIhk!® Bade AgHes el Ab
£5= AdEeAn $RIRH 71 THEHA U
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2. AHEEH

(Interfacial Polycondensation) 378

Methylene chloride 52| 7180} ZA) 8l A sedi-
um salt7} S ® 2zre] S8 bisphenol AE H7h
319 bisphenol A7} melthylene chloride phased] 23}
5 2 phase EgEo] it} o] EFE phosgene &
42718 AWM polycondensation W&ol doiut
polycarbonate7} A€ th. o]#) 38} 2 phase EFHEL §
7)guj9} oi7]o] £8)¥ phosgene ¥ polymer2 T4
%l organic phase, bisphenol A¢] sodium salte}
NaOH=Z TA® aqueous phaseZ o]Foix| i, &4 &
%ol <ls)| dispersion JHE 423t aqueous phase
7} organic phased] EAt=EE Al 7} s]o] 2 phased]
Awo 4 bisphenol A2} phosgeneo| 8Hg-3hA BT

7 Ze|7lRdiolE AE F¥H S 95 phosgene
o] & 2 a2 AAFAH g Al B AUl A
7, E2EA2A in-site processol] ©J3} Alg-5jo]o} &}
= 344 Aol den, phosgenedt #7187HE A

g3to 24 87 VS0l ol o] Jlar, DOly
mere] Bxjak ZHo] foldta, BEEEe] A fle A
zg BiE & Avke FHol denz i AAAA 7}
ga) feggn e FReloh

=
o

oX ﬂ{

Stage 1. Phosgenation:

0

21 8 S &

Za)7luylo|E AWEY w8717 phosgenation
polycondensatione] 2gAZ AHHH, w27 7E A
(D)~ (4)s} 2rh’ Fghibge o 25 A we H7t
o wrgolch.

Phosgenation ©4] (2] (1), 4} (2))9lA+, pheno-
late ©]- 27} phosgeneo] 2 phaseg] AHAA ¥ 935t
chloroformatesa- & A5)3, polycondensation A
(A (3), A ())ellHE, tertiary amine AlEE S0l
2 A3l ®® chloroformates?] ammonium salts& &
A%k & sodium bisphenolatet A5l oligomeric
carbonate, tertiary amine, 22]1 NaClo] A Al
amine& tH] ¥Hg) Fajsto] polycarbonated Bt
A Hr}1647

a8y whgAle] pHYE W& %S phosgene,
chloroformates, 12]31 1¢} ammonium salist= 7Y
Ra)ste], ExaFo] 743Ha phosgeneo] FH=d] AHH
m HCle] AA we whgr] Adel §2 Fol A
oz wegdel pHE 105~115% &&= 12 o4&
fAse Aol wREe ez deid Ut A
phosgenation® hydrolysise 2342 2 pHol 2l&)
A== diffusion control stepo.@ ThHEol A(5)~
(Hoz 889 F Ak,

i
or

SN S o.. astie
L OO
Ci—G—Cl 0—C—Cl + 2 NaCi + H0 (2)

Stage 2. Polycondensation: (n & m=20-40).

caustic and 2
tertiary aming

. | O-H-0-+O0- 1O

+ (2m + n) NaCl + (m-1) Na,00y ¢ (2m + 8} HO (3)

?auiflc andln
+O-H-O Hoc%@

+ 4m NaCl + {2m-1) NaQ0; + 4m HO (4)

DEXDietn 7l A 7 W43 19964 84
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Phosgenation rate( R,) = K, * [COCl,] * [RONal(5)
Hydrolysis rate(R,)= K, * [COCl,]1 % [NaOH] (6)
RI,/Rh:KI,/Kh* [RONa]* [NaOH] (7)

wlo} batch 2 semi-continuous processol| o]t
phosgene®] hydrolysis7} 5~8.6%9°]®, phosgene]
¢)ed o}e hisphenol A2l 5~8mol% ol && & 4
I:},49

22 B¢ w3

ZEsirvolE AW F¥FHeze I8 17 22
batch types#5 1@l 29} 2& continuous typeo] '
Qom, =A Y88, £%/AA %, polymer/solvent &
gl & A Z3}/compoundingf- o2 FAHEG,

2.2.1 HER

Bisphenol A$} phosgene ## 2] wkg-& $s}
Bl go] HAsledof 3hm, 2 (5)~4 (7)& R 3
4 zAd %3 bisphenol A/phosgene H|&& A
A% e Aoz %A Yok =¥ NaOH%
methylene chloride®] 2 phaseo] 3§ bisphenol A<
SHELE ok= Aol Fa3ld Gu 5& I 37 2
o] NaOH9| dilute &N A9] &8= 54 ndst
A3,% Smirnova %2 methylene chloride, n-hep-
tane, chloroform %] o}#| solvent systemel|lA #HF
polymere] 2x2k& HhE sl bisphenol A/phos-
7 =

2
[

gene®] molar®]g&o] &3¢

222 S8t/ ENR

Za7lEdo|E AR EgliM a3 AL 7leEs|
of 2)% Hukgel AAlo|rh. 53] phosgenation @Al
M= phosgene?] 7}rEs|E A sl bisphenol A7}
oligocarbonate 2 Z 3 A@= A &}, polyconden-
sation ©ANAE oligocarbonate?] Egd] A=
chlorocarbonate group?] 7}5E&1E FHoi st JA 3]
carbonate¥hg-o] Hg A &HEEF sjofof Frt. I
9] bisphenol A& A3}l tertiary amine& &0 &2 3}
o] AP AR WHSAFIH HF EAlEko] 200,000
olatel Za|7lrlo|Ert AU, Addsid Zel7tEd
olEs] FFRAL 23,000~70,0008%0]52, phe-
nol, p-tert-butylphenol, methanol %2} chain transfer
agentE A3l Brlre 28 5 o4 Batch 3
el ¢ CSTR whgrlolA whgg 39, ghe2xr}
30 ¢, dA 9r2-A|7to] ¢k 2.5 hrolx, continuousZgt
°l 2% CSTR yke7] & 2 stage tubular ¥hg-7]d
A A Hg-g sin, W2 = oF 34 C, WAL
40 min RA%o0]|ch.8% A 144 9] phosgenation ¥HE-A]
reaction mixturew &R Au7E Este £
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Anti-Solvent

NI
i and
Additives S
Phenol Caalyst N, Precipitaton
Reactor

™ Product Anti-

QG Resin F_Tﬁ: Sabvent

Solvent
4 ] 2 Holding f t

i | Tank >_] T
oo Centrifuge |
Aqueous stream 0
treatment or recovery

or recycle

2] 1. Batch polycarbonate polymerization process.50

Caustic

Selution — 7 “atalvs
Methykne | Catalyst Water
Chioride . Acd
Bisphenol A ——— Chain !
i termnaor
i
.2 ° ( S At
i ' | | ] Fsobem
x o o i
| [ 1 | | [ l L= [ Sedimen-
Phosgree e A | ten
Stage 1 Stage 2 Purifi-  Storage
Reactor Reactor  calion ‘

Polycarbonate
resin

12| 2. Process flow chart for interfacial polycondensation proc-
ess (Idemitsu Kosan Co.).16

0.2 .

£ oous PR
S 016 LT '-".A.
£ 04} T .
s ot L
ok 8 -s"' -_“
= o.os[ L ;
2 006 g 0 aqueous
5 0045 + lorganic
& 0.027F
0 L
1 2 3 4 5 6 7 8 9 10
NaOH aq. (%)

8] 3. Caustic/methylene chloride solutiontie] BPA £3%

E
24.

e do] AAH T, Yz §hg7] 9% jacketdl] <]l
AA=M, B prepolymere] A4 oF 3,0004
=2 2RH A 2949 polycondensation ¥Hg-ofl A
E we7] Yo pHE o 133 = #4317 s7] A3l
NaOH F8d8 dux 2 =93a, o|u chain transfer
agent& bisphenol A A2l oF 05 wt%hE WA &
B oygdeld £3T o] gAY WMlnE WeY
9% jacketo] ojsf z=AHT) whgo] 3= organic
phase¢} aqueous phase®] RuB]&-L& A 1eHA whgd
e 112, A2 whgolME 1:03302 FHEH

et ZejstEdolE F§ A= phosgened] Ahg-
Z/Fd71E%, o5 NaOH <, solvent %/FH, o
W], Fojlo] TRt AHEE Tol Fa 3 WgolH,
HE AFE BRA FFE F= ARSI A29A w
S0] 28 5|H reaction mixtures Y4878 £33}
o] NaClz} sodium carbonate salts7} Uz} A=,
2o gl decanters] A4 organic polymer solution¥}
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aqueous solution(NaCl¥} sodium carbonate saltsZ
z3ld )z BelEa 2o 4R e H5 Az
A Hal7t Ak £8 A= dilute NaOH F&93}
deionized waterdl]l & AlFHH=v], 8% Fe
o8t bisphenol A2} \|¥2 chain transfer agent&
A AEI B organic solution®] pHE 2= AolH,
water?] &2 solutiondl] ol = HH A EFE A
Asl=d 9ok Ml A A turbine mixerE o] &5l emul-
siono] A E Axg AP ¥t A ATl A H
B3E FATE BEE Uk AlFe] ¢Ed 9L
nylon fiber(27 20 microns)7} FXH ZHe|ZolA
2R} AHFAA, A Y L FAHE 25 G

2.2.3 Polymer/Solvent 2|5

Ad Zgo] &8 &9, & methylene chloride so-
luticndll n-heptane 52| non-solventZE A}&-3}od poly-
mer& AAAT| 1L, AEE7E o] Rt E]FtR|0]
EE 2aggt) o] A ZElFtRYolEdYdl= methy-
lene chloride7} ¢ 20 wt% A x A Hi1, o] solide
TS A2V HelM FE3] dxH AFs AR |
o] 7131, RElEE 49 steamol| 28] FFE WHollA
2e] ZA @58

2.2.4 H|&3]/Compounding®

23] Hxd ZYFIRMo|Ed glass fiber, ©dA,
UVedsiAl, 98 5 F7isle EeislRdiolE A7
g 8FEHE e B4 AEE pelletdoz Az
g}k, AlZ5+ pellet2 virgin resind} compound %
allly2 359, 584& velle £43=E 71E2
2 3l Al28 AAL grade, A X grade, 183 ¢
28 1AE gradeE EFH7IE o}

3. 88%38(Melt Polycondensation) 2

24 £2%EL2 bisphenol A2} diphenyl carbonate
(DPCYE 71822 3 2 1T 3l 3=,
phenolo] ¥He- BalBz P} 58 =8 e condensa-
tion o2 7j9 dhgoln, whg RAEQl phenol g
AAGe M Whgo] Ad XYPHAN EAFgo] F7iH
gk, Bxigko] ) 60,0008 =2 At o|v}. T3, ¥
£ 2544 uhgo] AP y] W4 branching, cross-
linking &9} ¥uhgo] A4 4 213, polymertio] Zj
ol AE3 1Exe AES A7) Bol3lA F= &
Aol Qlct.

olg]g o]+ 2 A3l AIAA &8 FHFH ¥R A
Aoz Ao FE A ZEu. Ty H2 &
o} F&) WAl g BMo] nEHI £§FF FHo
A AAAHR FPold FH-ol o, Aed AW

OEXe 7| A/ 7H 435 19963 89

3o dde BHGE V) Wil 4 83 AT
7F A Fdl e, 489 GEPJ (General Electric
Plastic Japan) Co.= non-phosgene FHo|& HA o
2 8¢ S5 % ZEFlEdolE AR FHE H
22 A zn®

3.1 5% e &M

Zg]JlR o] E £§ %32 transesterification, poly-
condensation®] 2WA| 2 FEE 1, o]gF o 2= DPCe}
bisphenol A& 1:1 ¥H8-& oz g FAUEZA AME

+ bisphenol A 1 mole™ 2-mole?] phencle] 233}
A A}, Bisphenol A9} DPC2] transesterification %t
< (2] (8))2 hisphenol A9] hydroxyl(-OH) groupi}
DPC2] phenyl carbonate(-OCOO-Ph) group& Ale]e]
7} wke-o & | carbonate(-0O-CO-0-)2 3 A3}, phe-
He BalEg Wy 8! Polycondensation 4t
7t whgo] whg EFHEY EA e o8 FRe
THEA E 194 2 g& vigog ¥

o

ol

=

X o
AYES

8 = olo
et o rlo

+ s,

a8j3r 31.2(250 'C o)A 9lAl diphenyl carbonate
monomer2 HAMEZ W7 diphenyl carboate
groupE Alole] polycondensation ¥H2-2F phenyl car-
bonate groupS Alele] polycondensation ¥He"! %
sty doh. §9 BedE hydroxy groupdl o]
Kolbe-Schmitt typee] ®¥kgo] dojd 4 9lod, ol
@ze] ZulE AMESln WhE2=7) 160 C oY o
bisphenol A& 4] (9)¢} & ¥4 vehfr] u&o]
t}. W AI%]= isopropenyl phenole whHg-Ajo] w9 o

o, gheef g o LA f4n FY e L
g sl & Ao AF HAE dodlE €de A
FY % Yokn Yopi
[}
O+ O =+
k
o
1
~O+0r —
H
o <: :> ‘{a" <: :>—°' 9)
©
OO
(14 ——
Q-0
COOH
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T 1. Melt Transesterification. | Ae] Reaction Schemes70

A+Bon=Crypr +P (nm=0)
BytCrn=Bm4,tP (20, m= 1)
AAChr=AntP (20 m= 1)

c+C,=C +P (nm=1)
n m m+n

‘Where

pi Oy

i f-O+-0--0+-0-
o O-H-O+0-4-0

e f-O+0--0

w3 & 2 Kolbe-Schmitt typeitg-2] 2% DPC
= carboxyl group& ZHAl Hol A (10)3} ol
branching &+ crosslinking g %% 4 A=tz g}?

3258 s 3

Zg)sRvolE $§ 3¢ TEE Uehle Rl
34 sgxE J8 49 2on,”® =4 485, DPC A
z8, transesterification/polycondensation ¥, A|&3l/
compounding® F2.82 FA€E

321 HER

alo|lAl AFH A (99 e WHeE A HH A
transesterification 2 polycondensation ¥Wrg& i
TAF3 A olZo]AA, DPC(¥]5H:302C@
760 mmHg, 168 ‘C @15 mmHg) 7} & Zo g
ol7] W), H@ee] DPC Yoiiol Hgsirh. e
polymer7} 32§ EAEE AV 4= DPC/
bisphenol A¢] mole¥]&& i 1.03~1.2 AEZ FA
s= o] WA Aoz FeA AT awlxn
bisphenol A& A-&dAl solido] 2= Z2H3) &8 T
g8 Al Aok gt

3.2.2 DPC H|=%

ZaslavolE £45%e F8 54 F s phos-
gened Y982 AMEEA @a, DPCeh= non-phosgene
2Re AMEE ROF, oladl o] f wie Eej7ie
ol 2-¢23% 24 ANE §AYSH o EFE
2 el= Aojrl. ayu, Fddle DPC Z}A| 7} phos-
genes 982 39 AzdEe A wZd DPCE proc-
ess-in-site= FFatedol a3, et BANS B
Ao =X %ch. & phenold} phosgene 9] wpg 7778
phenolst CClLe} whe8 5o uhy ZFor] phosgened]
o]§ DPC Azye] 2 Agxol strh. 23t dAel
 palladium ¥E¥E cupric dibromide & Zul) 3ol A
phenol/carbon monoxide (CO)/O,(air) & B2 gk

368

A7 DPCZ A%k phosgene-free = chloride-
freeio] GE Co.ol 3 7|g=l Q.

wheb] phosgene-frees] DPCZ £-458& A3
¢bd8 non-phosgene?] Ze|7tRuo|EE AZT 5 AU
2, WA BRANY FPoz vRY 4 AT

3.2.3 Transesterification/Polycondensation

A7) 31704 igE ue} o] DPC/bisphenol A
Coolgdos $U moledl§2 W Hul, FUE
phenolo] W) wet R FEAE 47 Sk
e uhe EFEGA phenold R3] AAE T
2, 989 mixing® FF=e] FA7} oA doh
wgh, Aviee] Zuj(sodium methylate, benzoic acid
9] alkali metal salts, sodium bisphenolate %)<}
chain terminator(phenol % p-tert-butylphenol)&
s =qlaim, AT BAY, BAF BY, ¥ £
A e s ue ex ¥ e I W
o= 150 CHERE 300°C A L, e
QFele 760 mmHg B E%E 1 mmHgeld7tAl @Al
A 168384

33 49} & continuous FAQ A, CSTR type
o] uhe-7) A= oligo carbonate$} prepolymer7t B4

g, 2 2x1gko] gk 1,600(2,3009] phenoxy group
o] & oligomerﬂ 27| Al 7)1, bisphenol A

= oligomer7} AALFE #AHA )2} bisphenol A
9} oligomere] molardlgo] 1:1 A%7} =}, o] A
| 4% phenole] 24 eko] B7] W reflux condens-
er7} urgrlel Aol phenole] & SAIA T
t}. Polycondensation ¥Hg-o] Al AP H Bz
= 10,000~18,000 AX9] phenoxy = p-tert-
wasleh alkoxy WEIE RE
prepolymer7} 4714 Bt old p-tert-butylphenol 2
R R R
alkylchloroformate%} polycondensationg Z21A7)+=
g Bt
o] AL Whgdld AASE R, 53 phe
nole °oF 90%4Ax7} AA=M, A€ prepolymers
thin-film evaporator, vented twin-screw extruder
g Eaay wee AE APsked, ExY
bisphenol Ag] §4igle] AFL 2 phenol & HEALEo]
AASHA BExgke] ZiElo] Y3l polymert 324
gtk o] wAle] ¥gry] E4& prepolymere] EAFO]
zo g wats WEEE phenolFe vapor7t 1A=
o) meltZ2E folsid WA U & UEF AF WA
£ FAY s olt
a3y, o] BAle] ¥ emi oF 300 T Hol ©
2 yellowishdt A4k 714 4 U, branching &
= ¢t} T3 phenolF&

butylphenoxy

crosslinking ¥Hg-ol B2
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= | Dowtherm™
Stm
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%] 4, Transesterification and polycondensation for polycarbonates.
A&ad) A5k o8 A&d el extruder reactor,®® Aol Erhe= 9ol lth
dry steamol| 23 purge®® S2o] W g A12E 4 a8y, HF APFA e 8 W3 Jes] R &
#%E2Q plymere] ke ek 30,000~60,000.4 Adol| ute} phosgene Foll &gt AN Al A U] o
$3g ROl B o, 4§ S F95<¢ DPCE phosgene-free o

E AZE 7@ 7leo] MEHe 5 L d7Ee] 2
P Fo deuz, &EFEYe 8B YF Ve
4.2 £ FEWA =ik 2 A, §E45EEA AT Fsir
HolE Azx 71gd BT A7 AZIFHA Eds] 13
A EA AR EtaE F e g S glod, 5 AUFHYC AT F2FtRvolE
= &9 }E'_Hl°]E°ll & Alx el sl 23 23t Az7led stz AYsolria vk dgkdr.
o ARFIES FdsEA ed" FHoER, A
& 2xdA -si}‘é}%"l Y, EAe &olsH

2AY 4 dom, AFH od 8ol A gt 5o &0 2 o
Aol Qov}, 7] &l (424 methylene chloride
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